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Instructor  in  Mining  Engineering  and  Surveying. 
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GRADUATE  STUDENTS. 


NAME. 

Baldwin,  Walter  John,  S.B. 
(University  of   Michigan). 
Mineralogy,  Chemistry, 
Mining,  Ore  Dressing. 

Hubbard,  Lucius  Lee,   A.H. 
(Harvard  University), 
LL.  B.  (Boston  University), 
A.M.,  Ph.D.  (University  of 
Bonn),  Mineralogy. 

LAWTON,  CHARLES  LATHAM,  S.B. 

(Michigan   Agricultural  Col- 
lege), 
Mineralogy  and  Mining. 

Luling,  Theodore  William, 
A.B.  (University  of  Cam- 
bridge). 
Mineralogy   and    Building 
Stones. 


residence. 


room. 


llomansvillc,  Pa. 

Mrs.  E.  M.  Hoar's. 


Boston,  Mans. 


Crystal  Falls. 


Douglas  House. 


Butterfleld  House. 


London,  England. 


Sherzer,  Will  Hittel,  M.S. 
(University  of  Michigan), 
Mineralogy  and  Petrography.   Saginaw. 


Mrs.  Boxer's. 


Mr.  Sherzer's. 


Ch*H  of  189 1. 


VI 


CLASS  OF  1891. 

name.  residence. 

Bossert,  Otto  Henry, 
*Ciiynoweth,  Clarence  Bartlett,  Houghton 


ROOM. 


Milwaukee,  Wisconsin. 

Mrs.  Rice's. 


Close,  Fred  Bagley,  Hancock. 

•Colwell,  Alfred  Bundy, 

Denoler,  Theodore, 

Dyer,  Holmes  Hayward,  Ionia. 

Fink,  Edward, 

McDonald,  William  Neal, 

Palmer,  Edward  Vose,  Marfjuette. 


Mr.  Ihynoweth's. 


Mr.  Close's. 


Afflleton,   Wisconsin. 

Mrs.  Brlmacoiiibe's. 

Chicago,  Illinois. 

Mrs.  Brimacombe's. 


Mr.  Trim's. 

Milwaukee,  Wisconsin. 

Mrs.  E.  M.  Hoar's. 

Houghton. 

Mr.  McDonald's. 


Mrs.  E.  M.  Hoar's. 


•Taking  a  Partial  Course. 
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CLASS  OF  1892. 

name.  residence. 
"Fuller,  Fred  Dwight, 
JIonnold,  William  Lincoln, 

*McCnRYSTAL,  Jackson  Carlos,  Eureka,  Utah. 
Opprn,  William  Adolpii, 

*Rope8,  Leverett  Smitii,  Ishpeming. 

♦Rygaard,  Hans  Peter,  Marquette. 

Tower,  Louis  Lovell,  Ionia. 


ROOM. 

Milwaukee,   WisconMn. 

Mrs.  8.  Gray's. 

Camp  Point,  Illinois. 

Bank  Building. 


Mrs.  Rico's. 

Qreen  Bay,  Wisconsin. 

Pfelffer's  Hotel. 


Mrs.  E.  M.  Hoar's. 


Sheldon's  Block. 


Mr.  E.  R.  Penberthy's. 


SPECIAL  STUDENT. 


Seaman,  Arthur  Edmund,  Mineralogy  and  Geology 

Houghton. 


Mr.  Seaman's. 


•Taking  a  Partial  Course. 


Class  of  1893. 
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NAME. 


CLASS  OF  1893. 

RESIDENCE. 


ROOM. 


Abbott,  Ai  Arthur,  S.B.(Michigan  Agricultural  College), 

HoU. 


*Been,  John  Theodore, 
Clute,  William  Merrilees, 
Church,  George  Batchelor, 
Cranson,  Robert  Edward, 
Fisher,  James. 
♦French,  William  Cutler, 
Gillies,  Donald, 
Harrington,  Frederick  Luce, 
•Hooper,  James  Henry, 
noTALiNG,  Eugene  Jay  Hitter, 
•James,  Houghton  Edward, 
Kirk,  Marcus  Eugene, 
♦Mason,  Clarence  George, 
Mason,  Russell  Teel, 
•McCauley,  James, 
McCormack,  Edward, 


Mrs.  P.  Didler's  Sr. 
Skanee. 

Mrs.  John  Penberthy's 

Laming. 


Flint. 
St.  Johns. 


Miss  Nora  Kelly's. 
Mrs.  A 1  ford's. 


Mrs.  Br imaco tube's. 

Quincy  Mine. 

Mr.  Fisher's. 

Champion  Mine. 

Mr.  J.  H.  Chandler's. 

Lake  Linden. 

Mrs.  Alford's. 

Port  Huron. 

Bank  Building. 

Beaver  Mine,  Canada. 

Mrs.  Brinmcombe's. 

Chicago,  Illinois. 

Mrs.  Mac  Farland's. 

Houghton. 

Mrs.  James's. 

Sturgis. 

Mr.  R.  M.  Edwards'  Office. 

Hancock. 

Mr.  Mason's. 

Boulder,  Colorado. 

Mrs.  Rashlelgh's. 

Hancock. 

Mr.  McCau ley's. 

Lake  Linden. 

Mrs.  Burrows. 


♦Taking  a  Partial  Course 
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NAME.  RESIDENCE.  ROOM. 

♦McCormick,  Edward  Patrick,  Calumet. 

Mrs.  A.  Harris's. 

McDonald,  Erwin  Huntington,         Lyon  ML,  N.  Y. 

Mr.  E.  R.  Penberthy's. 

♦McGrath,  Michael,  Hancock. 

Mr.  McGrath's. 

♦Morales,  Matthew  Madison,  Jr.,     Hancock. 

Mr.  Moralce's, 

♦IIiedinger,  Louis  Edward,  Marquette. 

Mr.  E.  R.  IVnberihy's. 

*Rourke,  Jerry,  Hancock, 

Mr.  Rourku's. 

Silliman,  Arthur  Tarks,  RL.  (University  of  Wisconsin), 

Hudson,  Wisconsin. 

Mrs.  Trim's. 
Siiattuck,  Horace  Volney,  Adrian. 

Mr.  S.  Harris's. 

♦Sullivan,  Dennis,  Ltike  Linden. 

Mrs.  Burrows'*. 

Trengove,  Samuel  Reed,  Lake  Linden. 

Mr.  E.  U.  Penbortby's. 

Waters,  Albert  Latcha,  S.B  (Michigan  Agricultural  College), 

Spring  Lake. 

Mrs.  RashlcJfch's. 

Watson,  John  Bone,  Oiwchce. 

Mr.  E.  R.  Penbortby's. 

♦Williams,   Rert  Henry,  Champion  Mine. 

Mrs.  Orinsby's. 


♦Taking  a  Partial  Course. 


Special  Student*. 
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NAMK. 

Butler,  Makk,  Chemistry. 

Cary,  Rodman  IIasard, 
Surveying. 

Croze,  Lawrence  Ludger, 
Chemistry. 

Forbes,  Darwin  Carrie, 
Chemistry  and  Assaying. 

Glanville,  James  Gundry, 
Drawing. 

James,  Ivor  Glendower, 
Chemistry, 

Osborne,  David  W., 
Drawing. 

Parsons,  Albert  Wilcox, 
Drawing. 

Rees,  Robert  Irwin, 
Mathematics. 

Ross,  George  Edward, 
Chemistry. 

Sknter,  Henry  Mortimrr, 
Chemistry. 

Stone,  Charles  J., 
Surveying. 

Strtnoham,  JosEpn,  Jr. 

Chemistry  and  Mineralogy. 


RESIDENCE. 


Milwaukee,  Wisconsin. 

Mrs.  Burrows's. 


Lansing. 

Butterfleld  House. 

Houghton. 

Mr.  Croze's. 

Marquette. 

Mrs.  MaeFarland's. 

Lake  Linden. 

Mrs.  Burrows***. 


Houghton. 


Houghton. 


Adrian. 


HougMon. 


Pfei  iter's  Hotel. 


Mrs.  Osborne's. 


Mrs.  Burrows's. 


Mr.  A.  F.  Rees's. 


Hancock. 


Mr.  James  Ross's. 


Houghton. 


Mr.  Jobn  Se liter's. 


Lansing. 


Butterfield  House. 


Saginaw. 


Mrs.  Brimaeoinbe's. 


•Taking  a  partial  course. 
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SUMMARY. 

Graduate  Students 5 

Class  of  1891 9 

Class  of  1892 8 

Class  of  1893 43 


BY  STATES  AND  COUNTRIES. 


Michigan,  Upper  Peninsula 33  [ 
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Canada 1 

Colorado 1 

England 1 

Illinois 4 

Massachusetts. 1 
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Michigan.  Lower  Peninsula 15 

New  York 1 

Pennsylvania 1 

Utah 1 

Wisconsin 6 
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AVERAGE  AGE  OF  STUDENTS. 

First  Year 21  years. 

Second  Year 24  years. 

Third  Year 23  years. 

Graduate  Students 80  years. 

Average  Age  of  all  the  Students 24i  years. 
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REQUIREMENTS  FOR  ADMISSION. 

Candidates  for  the  regular  course  will  be  examined  in: 

Arithmetic  and  Metric  System:  either  Wentworth's  High 
School,  Ray's  Higher,  Olney's  Practical,  Robinson's  Practical,  or 
an  equivalent. 

Algebra,  througii  Quadratic  Equations:  either  Wcnt- 
worth's  School,  Olney's  Complete,  Robinson's  Elementary, 
Loomis's  Elements,  Van  Velzer  and  Slichter's  School,  or  an 
equivalent. 

Geometry— Plane,  Solid  and  Spherical:  either  Pavies's 
Legendre  revised  by  Van  Amringe,  Wentworth\s  New,  CNney's 
Revised,  ChauveneVs  revised  by  Byerly,  or  an  equivalent. 

Book-keeping — Elements  of  Single  and  Double  Entry: 
cither  Bryant  and  Stratton's,  Mayhew's,  the  first  62  pages  of 
The  New  Complete  Book-keeping,  or  an  equivalent. 

Elementary  Physics:  either  Gage's  or  Avery's  Elements, 
or  an  equivalent. 

Elements  of  Astronomy:  either  Ncwcomb's  Popular  or 
School,  Young's  High  School,  or  an  equivalent. 

It  would  be  well  for  those  who  are  preparing  to  take  the  full 
course  here,  to  give  especial  attention  to  the  Mathematics  and 
Physics  required  for  entrance,  since  a  thorough  knowledge  of 
the  elements  of  these  subjects  is  not  only  indispensable  in  enter- 
ing upon  the  courses  in  those  subjects,  but  it  is  very  important 
in  its  relation  to  most  of  the  other  subjects;  as  the  courses  in 
Mathematics  and  Physics  form  a  large  part  of  the  necessary 
preparation  for  successful  work  in  the  other  studies  of  the 
course. 

No  student  will  be  admitted  as  a  regular  student  who  has 
more  than  two  conditions. 

No  student  will  be  admitted  as  a  regular  student  at  any  time 
after  the  beginning  of  the  fall  term,  unless  he  is  prepared  on  the 
back  work  of  the  class  he  desires  to  join,  but  he  may  enter  as  a 
special  student  at  any  time,  on  compliance  with  the  conditions 
specified  below. 

Students  who  are  graduates  of  high  schools  or  academies  of 
good  standing,  which  have  an  established  course  of  study  cover- 
ing the  requirements  for  admission  to  this  institution,  may  be 
admitted  on  probation  on  compliance  with  the  following 
conditions: 
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They  must  present  a  detailed  statement  of  the  course  of  study 
they  have  pursued  for  graduation,  such  as  is  usually  given  in  a 
school  catalogue,  and  a  certificate  addressed  to  the  Director  of 
the  Mining  School,  stating  that  they  possess  a  good  moral  char- 
acter, and  have  graduated  from  the  school  with  a  rank  of  not 
less  than  K">  on  a  scale  of  100  in  each  study  required  for  ad- 
mission to  the  Mining  School.  The  certificates  must  gitr  the 
rank  of  the  student  in  each  study,  and  must  be  signal  hy  the  prin- 
cipal or  superintendent  of  the  school  in  question. 

Any  ahuse  of  this  privilege,  hy  sending  any  improperly  pre- 
pared students,  will  deprive  the  school  sending  such  students  of 
this  privilege  hereafter. 

Students  desiring  to  enter  on  certificate,  instead  of  by  exam- 
ination, must  see  that  their  certificates  conform  to  the  above  re- 
quirements, and  only  papers  which  do  so  conform  will  be  received 
in  place  of  an  examination. 

Students  desiring  to  enter  for  advanced  standing  must  satisfy 
the  Faculty  of  their  proficiency  in  the  preceding  studies  of  the 
course. 

Students  from  other  institutions  will  l>e  admitted  on  presen- 
tation of  a  certificate  from  the  proper  officers  of  those  institu- 
tions; of  the  good  standing  and  rank  of  the  students  therein;  and 
all  studies  which  sludl  be  found  to  Ije  the  real  equivalents  of  the 
studies  of  the  Mining  School  course  will  be  accepted  in  lieu  of 
the  corresponding  studies  here;  if  the  certificates  presented  shall 
show  that  they  obtained  a  satisfactory  rank  in  those  studies; 
provided  that  the  application  for  the  acceptance  of  their  past 
work  as  an  equivalent  for  work  in  the  Mining  School,  shall  be 
made  at  the  time  the  students  in  question  join  the  Mining 
School. 

Persons  who  wish  to  enter  as  special  students  are  admitted 
at  any  time  to  take  such  studies  as  they  may  be  qualified  to  pur- 
sue. They  are  required  to  give  a  detailed  statement  of  their 
previous  studies;  and  all  special  students  who  intend  to  enter 
the  regular  course  subsequently  should  present  the  same  certifi- 
cates, in  so  far  as  thev  are  able,  as  those  required  from  all  per- 
sons entering  the  regular  course  for  the  degree  of  Mining 
Engineer. 

This  gives  two  classes  of  students  in  the  undergraduate  de- 
partment of  the  school:  The  regular  students  and  the  special 
students.  The  regular  students  are  those  who  are  candidates 
for  the  degree  of  Mining  Engineer,  and  who  have  passed  an 
examination  for  admission,  or  who  have  been  admitted  on  a 
certificate  as  specified  alxnTe.    They  take  the  full  course. 
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Special  students  in  this  institution  are  divided  into  two 
classes: 

1st.  Those  persons  who  wish  to  tqke  some  subject  or  subjects 
only  which  are  taught  in  the  Mining  School,  and  who  are  not 
candidates  for  any  degree. 

2nd.  Persons  who  are  unable  to  take  the  full  course  of  study 
in  the  school  in  the  specified  time,  either  on  account  of  insuf- 
ficient preparation,  ill-health,  or  any  other  cause.  As  a  rule 
they  intend  to  take  a  degree,  but  take  four  or  more  years  for  the 
work.  They  are  enrolled  as  students  taking  a  partial  course. 
Any  person  can  pass  from  the  class  of  special  students  into 
that  of  the  regular  students  by  making  up  the  subjects  already 
taken  by  the  class  which  he  wishes  to  join  and  by  passing  the 
necessary  examinations. 

No  student  will  be  received  as  a  regular  student  under  seven- 
teen years  of  age,  except  upon  ample  evidence  of  exceptional 
ability  and  strength  to  endure  and  profit  by  the  labors  of  the 
course. 

All  persons  intending  to  join  the  Mining  School  are  request- 
ed to  give  early  notice  of  that  intention  to  the  Director,  stating 
whether  they  wish  to  enter  as  special  or  regular  students,  and 
whether  they  wish  to  enter  by  examination  or  by  certificate. 
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THE  COURSE  OF  INSTRUCTION. 

The  course  of  instruction  for  the  regular  students  extends 
over  a  period  of  three  years,  effecting  a  saving  of  time  in  years 
by  continuing  the"  work  through  most  of  the  year,  and  by  mak- 
ing the  course  strictly  professional  and  technical.  This  institu- 
tion, like  Theological,  Law  and  Medical  schools,  assumes  that 
the  student's  preparatory  and  literary  education  has  been  com- 
pleted prior  to  his  entering  upon  his  professional  studies.  Like 
other  professional  schools,  the  Michigan  Mining  School  urges  all 
students  intending  to  take  their  professional  studies  here,  to 
obtain  previously  an  education  of  the  broadest  and  most  liberal 
character.  This  is  necessary  if  the  student  wishes  to  fully  profit 
by  his  studies  here,  and  desires  to  take  that  high  professional 
rank  that  should  be  the  ultimate  aim  of  every  graduate.  Al- 
though not  required,  the  student  is  advised  to  obtain  a 
reading  knowledge  of  some  of  the  important  modern  languages, 
like  German,  French,  Swedish  and  Spanish,  and  he  ought 
to  have  thoroughly  studied  subjects  that  will  give  him  the 
requisite  training  in  habits  of  close,  accurate  and  logical 
reasoning,  together  with  a  good  command'  of  language,  e.  g. 
Psychology,  Logic,  Rhetoric,  Literature,  etc.  Experience  has 
shown  that  of  two  students  of  equal  ability,  the  one  who  can 
give  the  time  to  obtain  the  best  preparation,  will  in  the  end  pass 
far  beyond  the  one  who  has  had  the  inferior  training.  But 
while  it  is  preferred  that  students  entering  should  have  a  liber- 
al education  for  their  own  advantage,  the  School  will  not  repel, 
but  invites  and  will  try  to  assist  in  every  possible  way,  all  those 
who  have  not  been  so  fortunate,  and  in  conformity  to  this  idea, 
it  has  confined  its  requirements  for  admission  to  those  subjects 
which  are  absolutely  essential  as  a  preparation  for  the  required 
course. 

The  Michigan  Mining  School  is  especially  organized  to  afford 
training  and  instruction  for  the  following  classes: 

1.  Those  who  desire  a  practical  professional  education  in 
Mining  Engineering,  particularly  graduates  of  colleges  or  schools 
in  which  a  more  general  or  literary  education  is  given. 

2.  Persons  who  wish  to  take  certain  subjects  as  an  aid  to 
them  in  their  future  practical  work. 

3.  Persons  who  desire  to  obtain  a  knowledge  of  some  science, 
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taught  here,  for  the  purposes  of  general  education,  or  for  use  in 
teaching,  or  as  an  aid  to  them  in  their  studies  in  some  other 
professional  course  or  school. 

In  preparing  the  course  of  instruction  the  effort  has  been 
made  to  contribute  somewhat  to  the  solution  of  one  of  the  great- 
est educational  problems  of  the  age:  to  properly  combine  scien- 
tific or  theoretical  knowledge  with  practical  training.  In  pur- 
suance of  this  object  it  is  intended  that  the  student  shall  be 
well  grounded  in  the  principles  or  in  the  science  of  all  the  sub- 
jects he  studies,  while  it  is  further  proposed  that  he  shall  also 
have  experience  and  practice  in  every  subject  taught,  so 
far  as  the  means  and  time  at  the  disposal  of  the  school  will  al- 
low. That  is,  the  student  shall  have  an  opportunity  to  observe 
and  to  verify  in  the  laboratory,  field,  mill  or  mine,  whatever  he 
shall  have  learned  in  the  class  room. 

Further,  it  is  intended  that  the  practical  work  shall  here  be 
carried  to  such  an  extent  that  the  pupil  can  make  use  of  it 
subsequently  in  his  profession  after  graduation. 

In  general,  the  instruction  will  be  given  by  means  of  lectures, 
recitations,  and  laboratory  and  field  practice,  including  the  in- 
spection of  mills,  mines  and  smelting  works.  Each  student  will 
receive  individual  instruction  in  the  laboratories,  and  those 
qualified  will  be  advised  and  directed  in  original  investigations. 

Every  facility  will  be  given  to  students  who  desire  to  pursue 
any  subject  or  subjects  taught  in  the  school,  provided  they  enter 
during  the  time  that  subject  is  taught  in  its  regular  course. 
Such  students  are  enrolled  as  special  students. 

In  mathematics,  physics,  chemistry,  mineralogy,  petrography, 
geology,  drawing,  etc.,  the  instruction  is  so  given  that  any  one 
who  desires  a  knowledge  of  any  of  these  subjects,  as  a  matter  of 
general  education,  or  as  a  preparation  for  teaching,  or  for  any 
other  profession,  can  profitably  study  here. 

The  amount  of  labor  is  so  great  in  accomplishing  the  neces- 
sary work  of  the  regular  course  in  this  institution  in  the  given 
time,  that  every  student  needs  to  present  himself  promptly  at 
the  opening  of  the  school  year  and  remain  until  its  close.  Every 
regular  student  is  required  to  spend  seven  hours  a  day  for  five 
days  each  week  in  laboratory  or  field  work,  or  in  recitation  or 
lecture.  He  prepares  for  his  recitations  in  time  taken  outside  of 
the  seven  hours  a  day. 

Since  the  instruction  is  largely  personal,  the  maximum 
amount  of  work  that  can  be  done  by  each  student  is  limited 
only  by  his  time  and  ability,  while  in  most  of  his  studies  he  can 
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advance  as  far  and  as  rapidly  as  ho  is  able  to  do  consistently 
with  good  work. 

Various  excursions  arc  taken  to  the  mines,  mills  and  smelt- 
ing works  in  the  vicinity.on  Saturdays  or  on  other  days,as  occasion 
may  require.  Part  of  these  excursions  are  required  and  part 
voluntary,  and  all  students  when  on  these  excursions  are  under 
the  direction  of  the  instructor  in  charge,  and  are  subject  to  dis- 
cipline, the  same  as  when  in  the  laboratories  of  the  School. 


I      4 

I 


Outline  of  tfut  Course  of  Study.  25 

OUTLINE  OF  THE  COURSE  OF  STUDY. 

FALL  TERM—FOVBTEEN  WEEKS. 

Mathematics:  Higher  Algebra,  Plane  and  Analytical  Trigo- 
nometry.   Recitations.    Seven  hours  a  week. 

Professor  Haynes. 

Drawing:  Drawing  Instruments  and  Materials,  Plane  Geomet- 
rical Problems,  Projection,  Development,  Round 
Writing.  Lectures  and  Work  in  Drawing  Room. 
Ten  hours  a  week. 

Mr.  Rowland. 

Physics:  Elementary  Mechanics,  Sound, Heat,Light.  Lectures, 
Recitations  and  Laboratory  work.  Three  hours  a 
week. 

Professor  Haynes. 

Chemistry:  General  Principles  and  Non-metals,  Blowpipe 
Analysis.  Lectures,  Recitations  and  Laboratory 
work  Seven  hours  a  week. 

Professor  Keller. 

Mineralogy:  Crystallography  and  Determinative  Mineralogy. 
Lectures,  Recitations  and  Laboratory  work.  Eight 
hours  a  week. 

The  Director,  Drs.  Patton,  Hubbard  and  Lane,  and 
Mr.  Seaman. 

WINTEIi  TERM-FOURTEEN  WEEKS. 

Mathematics:  Spherical  Trigonometry,  Mensuration,  Analyti- 
cal Geometry.    Recitations.    Seven  hours  a  week. 

Professor  Haynes. 
Drawing:    Intersection  of  Lines,  Surfaces  and  Solids,  Tinting, 
Lettering,  Round  Writing.    Lectures  and  Work  in 
Drawing  Room.    Eight  hours  a  week  for  six  weeks. 

Mr.  Rowland. 
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Drawing:    Topographical  Drawing:    Making  Scales,  Plotting, 
Topographical  Signs.  Lectures  and  work  in  the  Draw- 
ing Room.    Eight  hours  a  week  for  eight  weeks. 
Messrs.  Denton  and  Rowland. 

Surveying:    Lectures  and  Recitations.    Two  hours  a  week. 

Mr.  Denton. 

PnYsics:  Light,  Electricity  and  Magnetism.  Lectures,  Reci- 
tations and  Laboratory  work.    Three  hours  a  week. 

Professor  Haynes 

Chemistry:  Metals.  Lectures  and  Recitations.  Two  hours 
a  week. 

Professor  Keller. 

Mineralogy  and  Lithology:  Determinative.  Lectures,  Re- 
citations and  Laboratory  work.  Thirteen  hours  a 
week. 

The  Director,  Drs.  Patton,  Hubbard  and  Lane,  and  Mr.  Seaman. 


SVRjXG  TERM— SIX  WEEKS. 

Mathematics:    Analytical  Geometry.     Five  hours  a  week. 

Professor  Haynes. 

Physics:     Practical  Laboratory  work  in  Experi mental  Physics. 
Fifteen  hours  a  week. 

Professor  Haynes. 

Chemistry:    Introduction  to  Qualitative  Analysis.    Recitations 
and  Laboratory  work.    Fifteen  hours  a  weeks. 

Professor  Keller. 


SUMMER  TERM-ELEVEN  WEEKS. 

Surveying:    Plane,  Topographical  and  Railroad  Surveying. 

Lectures,    Recitations  and  Practical   Work  in  the 
Field  and  Drawing  Room.     Five  days  a  week. 

i  Mr.  Denton. 
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FALL  TERM— FOURTEEN  WEEKS. 

Mathematics:  Differential  and  Integral  Calculus.  Recita- 
tions.   Five  hours  a  week. 

Professor  Haynes. 

Drawing:  Isometric  and  Cabinet  Projection,  Figuring,  Line 
Shading,  Construction  Drawing.  Lectures  and  Work 
in  Drawing  Room.    Four  hours  a  week. 

Mr.  Kidwell. 

Properties  of  Materials:  Wrought  and  Cast  Iron,  Steel, 
Copper,  Tin,  Zinc,  Antimony,  Hismuth,  Alloys,  Tim- 
ber and  Lubricating  Oils.  Lectures  and  Recitations. 
Two  hours  a  week. 

Mr.  Rowland. 

Chemistry:  Qualitative  Analysis.  Recitations  and  Labora- 
tory work.     Fourteen  hours  a  week. 

Professor  Keller. 

Chemistry:  Reduction  and  Oxidation.  Recitations.  One  hour 
a  week. 

Mr.  Sharpi ess. 

Metallurgy:  Fuel,  Refractory  Materials,  Iron,  Steel  and  Al- 
uminum. Lectures  and  Recitations.  Four  hours  a 
week. 

Mr.  Sharpless. 

Petrography:  Optical  and  Microscopic  Mineralogy  Lectures, 
Recitations  and  Laboratory  work.  Five  hours  a 
week. 

Drs.  Lane  and  Patton. 

WINTER  TERM— FOURTEEN  WEEKS. 

Mathematics:  Differential  and  Integral  Calculus,  Mechanics. 
Recitations.    Five  hours  a  week. 

Professor  Haynes. 
Drawing:    Machine  Drawing,  Tracing,  Blue  Printing,  Making 
Drawings  from  Models.   Lectures  and  Work  in  Draw- 
ing Room.    Three  hours  a  week, 

Mr.  Kidwell. 


2%  M*<:h**j*rH  J[*a*m**j  .N *v*/. 

Mjk/hasl**:  Law*  of  M-t:  a-  Liciw  ft.  Ca^s.  TWtb  of 
Wh*r!s  A*>R**irK«r  M  *:  a,  Mi-c*rLlari->»^  Problems 
in  Apf.:«*i  Me»r..»L:<rsc  Led  a  res  arM  Recitations. 
Four  hours  a  wr*rk. 

Mr.  Rowland. 

Electricity:  EI  »-<-t  ri<*al  I  n-t  r  n.  ••  r.  *  *  and  Mea-ure  men  is.  IMs- 
cii»^i'-n  of  E!»*iir-  t:i"::v*r  F  :v.  Current.  Quantity, 
De  n  ->  i  t  y .  e  tc.  L/  -»: t  ■ -.  r»^»  a  l  1  K^  *  1 1  a  1 1*  »os.  Two  h  j  urs 
a  week. 

Mr.  Kid  well. 

Chemistry:  Quantitative  Analy*:-.  Lectures.  Recitations, 
and  Laboratory  work.    El-ven  hours  a  wevfc. 

Prof»->^»r  Kellt-r  and  Mr.  Sharpless. 

Chemistry:    Stoiehiometry.     Recitations    One  hour  a  week. 

Mr.  Sharp  less. 

Mining  and  Mink  Survkying:  Lectures  and  Recitations. 
Four  hours  a  wt-rk. 

Mr.  Denton. 

Stratigraphical  Geolhjy  and  Paleontology:  Lectures 
arid  Recitations.     Five  hours  a  week. 

Dr.   Lane. 


SPRING  TERM—SIX  WEEKS. 

Mine  Surveying  and  Mining:    Practical  work  in  the  mines. 
Five  days  a  week. 


Mr.  Denton. 


SUMMER  TERM— EIGHT  WEEKS. 

Siiopwork:    Practical  work  in  Pattern   and  Machine  Shops. 
Five  days  a  week. 

Messrs.  Kidwcll  and  Rowland. 
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THIRD  YI£AR. 

FALL  TERM— FOURTEEN  WEEKS. 

Drawing:  Graphical  Statics;  Analysis  of  Roof  Trusses  of 
various  standard  designs.  Lectures  and  Work  in 
Drawing  Room.  Four  hours  a  week. 

Mr.  Kidwell. 

Chemistry:     Quantitative   Analysis.     Lectures,   Recitations, 
and  Laboratory  work.    Thirteen  hours  a  week. 
Professor  Keller  and  Mr.  Sharpless. 

Metallurgy:  Copper  and  Lead.  Lectures  and  Recitations. 
Two  hours  a  week.  Mr.  Sharpless. 

Ore  Dressing:    Lectures  and  Recitations.    One  hour  a  week. 

Mr.  Sharpless. 

Mechanics  of  Materials:  Application  of  Principles  of  Statics 
to  Rigid  Bodies,  Elasticity  and  Resistance  of  Mater- 
ials, Discussion  of  Beams,  Columns  and  Shafts,  Com- 
bined Stresses,  Testing  of  Materials.  Lectures  and 
Recitations.  Three  hours  a  week  for  seven  weeks, 
and  two  hours  a. week  for  seven  weeks. 

Mr.  Kidwell. 

Mechanical  Engineering:  The  Steam  Engine  and  Allied  Sub- 
jects. Lectures  and  Recitations.  Four  hours  a 
week  for  seven  weeks,  and  five  hours  a  week  for 
seven  weeks. 

Mr.  Kidwell. 

Electrical  Engineering:  Magnets,  Electro-Magnetic  Induc- 
tion and  Theory  of  the  Dynamo.  Lectures  and 
Recitations.    Three  hours  a  week. 

Mr.  Kidwell. 

Physical  Geology:  Lectures  and  Recitations.  Five  hours  a 
week. 

The  Director. 

WINTER  TERM— FOURTEEN  WEEKS. 

Chemistry:  Metallurgical  Analysis.  Recitations  and  Labora- 
tory work.    Seven  hours  a  week. 

Mr.  Sharpless. 
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Metallurgy:  Lead,  Silver,  and  Gold.  Lectures  and  Recita- 
tions.   Two  hours  a  week. 

Mr.  Sharpless. 

Ore  Dressing:    Lectures  and  Recitations.    One  hour  a  week. 

Mr.  Sharpless. 

Mechanical  Engineering:  The  Steam  Engine,  Steam  Boilers, 
and  their  Details.  Lectures  and  Recitations.  Three 
hours  a  week. 

Mr.  Kidwell. 

Mechanical  Engineering:  Engineering  Appliances.  Lectures 
on  Pumps,  Indicators,  Gauges,  Plan i meters,  etc. 
One  hour  a  week. 

Mr.  Rowland. 

Mining  Engineering  and  Mine  Accounts:  Lectures  and 
Recitations.     Four  hours  a  week. 

Mr.  Denton. 

Hydraulic  and  Structural  Engineering:  Lectures  and 
Recitations.    Three  hours  a  week. 

Mr.  Denton. 

Economic  Geology:  Lectures  and  Recitations.  Five  hours  a 
week. 

The  Director. 


ELECT1VES. 

Drawing:  Engineering  Design.  Floors,  Trestles,  Columns, 
Shafting,  Steam  Piping,  etc.  Lectures  and  Work  in 
Drawing  Room.    Six  hours  a  week. 

Mr.   Kidwell. 

AND 

Electrical  Engineering:  Motors  and  their  Applications,  Stor- 
age Batteries,  Arc  and  Incandescent  Lamps,  Wiring, 
Electrical  Fittings,  etc.  Lectures  and  Recitations. 
Three  hours  a  week. 

Mr.  Kidwell. 

OR 

CnEMiSTRY:  Technical  Analytical  Methods.  Lectures,  Recita- 
tions and  Lal>oratory  work.    TsMne  hours  a  week. 

Professor  Keller. 
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Every  student  who  is  pursuing  the  regular  course  is  required 
to  select  either  the  nine  hours  in  Engineering  Design  and  Elec- 
trical Engineering,  or  the  nine  hours  in  Technical  Chemistry. 
The  selection  is  to  be  made  with  the  consent  of  the  instructor 
and  submitted  to  the  Faculty  for  approval,  at  the  commence- 
ment of  the  winter  term. 


SPRING  TEEM— SIX  WEEKS. 

Assaying:    Practical  work  in  the  Laboratory  with  Lectures  and 
Recitations.    Five  days  a  week,  two  weeks. 

Mr.  Sharpless. 

Ore  Dressing:    Practical  work  in  the  Stamp  Mill.    Five  days  a 
week,  four  weeks. 

Mr.  Sharpless. 

SUMMER  TERM— SIX  WEEKS. 

Geo  loo  y:    Practical  work  in  the  Field  and  Mines.    Five  days  a 
week. 

The  Director  and  Assistants. 

THESES. 


Revision  of  the  above  course  will  be  made  at  any  time  when 
it  is  thought  that  it  can  be  improved,  or  when  the  needs  of  the 
school  demand  it,  and  all  the  students  are  expected  to  conform 
to  these  changes  whenever  introduced. 
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CLASS  OF  1893. 

This  class  will  take  Determinative  Mineralogy  and  Lithology 
in  the  Fall  term  of  1891,  in  place  of  the  Petrography,  which  will 
be  given  later,  and  the  subsequent  course  in  Geology  will  be 
correspondingly  shortened  for  this  class. 

The  relative  proportion  of  time  given  to  theoretical  study  and 
to  practice  is  approximately  stated  below. 

LECTURES  AND  RECITATIONS.  LABORATORY,  MILL,  MINE 

AND  FIELD  PRACTICE. 

First  Year.  464  hours 1111  hours. 

Second  Year.       490  houis 980  hours. 

Third  Year.         CGO  hours 840  hours. 


PROJECTED  FOUR  YEARS  COURSE. 

In  order  to  be  able  to  give  more  time  to  the  technical  parts 
of  the  education  of  a  Mining  Engineer,  it  is  proposed  to  lengthen 
the  course  of  study  to  four  years.  Should  this  be  done  it  will 
require  all  regular  students  joining  the  entering  class  of  the 
Mining  School  in  Septeml>er,  1893,  to  take  this  projected  course. 
An  outline  of  the  course  is  given  in  table  II. 


XAl 
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DEPARTMENTS  OF  INSTRUCTION. 


MATHEMATICS. 

PROPE8SOR  HAYNE8. 

The  course  in  Mathematics  is  progressive,  and  no  part  can  be 
taken  very  profitably  by  the  student,  unless  he  has  passed  in  all 
the  required  preparatory  work  and  in  each  successive  subject, 
before  entering  upon  any  of  the  more  advanced  studies. 

In  Mathematics,  the  object  sought  is  to  give  the  student  a 
thorough  working  knowledge  of  the  subject,  so  far  as  it  is  essen- 
tial to  the  successful  application  of  its  principles  to  the  practical 
mathematical  work  required  in  the  subsequent  courses  in  Mine 
Surveying,  Railroad  Surveying,  Pl$ne  Surveying,  and  such  other 
practical  applications  as  are  found  in  Mechanical  Engineering, 
Electrical  Engineering,  Physics,  etc. 

The  course  includes,  in  Algebra— a  review  of  Quadratics,  Dif- 
ferentiation, Indeterminate  Co-efficients,  Formula?,  Logar- 
ithms, Loci  of  Equations  and  Higher  Equations;  in  Trigonome- 
try—Plane, Analytical,  and  Spherical  Trigonometry,  with 
Mensuration;  in  Analytical  Geometry— the  straight  line,  circle, 
parabola,  ellipse,  hyperbola,  the  transformation  of  co-ordinates, 
the  plane,  and  surfaces  and  solids  of  revolution.  This  course 
closes  with  the  study  of  the  Differential  and  the  Integral 
Calculus,  and  their  applications  to  various  practical  problems  in 
Physics,  Analytical  Mechanics,  etc. 

Both  in  this  course  and  in  that  in  Physics  special  care  is 
taken  to  point  out  and  enforce  the  practical  bearing  of  the  sub- 
jects under  discussion,  and  it  has  been  found  that  this  adds 
greatl/  to  the  meaning  of  the  student's  work,  and  forms  a 
powerful  incentive  to  thoroughness.  However,  in  both  of  these 
courses  the  fundamental  truth  is  kept  constantly  in  mind,  that 
the  most  successful  practical  work  is  based  upon  a  thorough 
theoretical  foundation.  No  one  acquainted  with  the  splendid 
achievements  connected  with  mining  in  the  immediate  vicinity 
of  this  school,  which  are  constantly  before  its  students,  as  a  great 
object  lesson,  can  doubt  the  necessity  of  a  knowledge  of  Mathe- 
matics and  of  Physics  in  securing  these  results,  and  of  their 
eminent  practical  value  in  this  great  industry. 
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PHYSICS. 

Professor  Haynes. 

Two  terms  of  fourteen  weeks  each  are  spent  upon  the  study 
of  General  Physics,  including  the  topics  of  Mechanics,  Hydros- 
tatics, Pneumatics,  Heat,  Light,  Magnetism  and  Electricity;  in 
these  two  terms  regular  recitations  are  required,  and  the  topics 
are  illustrated  by  the  instructor  with  lectures  and  experiments. 
This  course  closes  with  a  term  of  six  weeks,  15  hours  a  week  of 
Laboratory  work,  in  which  the  student  is  required  to  do  the 
work  under  the  supervision  of  the  instructor;  the  experiments 
being  mostly  in  the  domain  of  physical  measurements,  including 
those  of  Specific  Gravity,  Heat.  Light  and  Electricity. 

The  methods  of  instruction  in  this  department  vary  through 
the  recitation,  in  the  solution  of  problems,  in  lectures  and  in 
laboratory  work,  in  such  a  way  as  to  not  only  afford  the 
necessary  variety,  but  at  the  same  time  to  furnish  a  constant 
encouragement  to  the  student  to  become  self-reliant  both  in  his 
methods  of  thought  and  in  his  work. 

In  the  laboratory  work  of  this  department  each  student  is 
required  to  make  a  sketch  and  give  a  description  of  the  apparatus 
used  in  each  experiment;  to  put  down  his  data,  computations, 
conclusions,  etc.,  during  laboratory  hours,  in  a  note  book;  and, 
at  the  close  of  the  laboratory  work  of  each  <hiy  to  leave  this  Itookicith  the 
instructor  for  his  inspection. 

Many  new  and  valuable  forms  of  lal>oratory  and  lecture  appar- 
atus have  been  added  to  the  equipment  of  the  Physical  Laboratory 
during  the  past  year,  and  it  will  be  further  increased  during  the 
year  to  come.  No  student  is  permitted  to  take  this  practical 
laboratory  course  who  has  not  passed  in  the  necessary  theoretical 
study  and  lectures  preceding  it. 

DRAWING. 

Mr.  Kidwell  and  Mr.  Rowland. 

The  course  in  Drawing  extends  over  the  entire  three  years. 
In  planning  it,  the  object  kept  constantly  in  view  was  to  give 
special  prominence  to  such  branches  of  Drawing  as  are  of  value 
to  the  engineer,  hence  such  subjects  as  perspective,  shades  and 
shadows,  etc.,  have  been  excluded,  and  more  than  the  usual  pro- 
portion of  time  is  devoted  to  Mechanical  and  Topographical 
Drawing. 

During  the  entire  course,  all  drawings  accepted  by  the  In- 
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structors  are  considered  as  the  property  of  the  school,  and  are 
bound  and  deposited  in  the  Library.  Drawings  that  are  not 
satisfactory  are  returned,  and  must  be  made  up  by  the  student 
in  his  own  time. 

The  following  schedule  shows  the  distribution  of  work  dur- 
ing the  three  years. 

FIRST  YEAR. 

Description,  preparation,  and  testing  of  drawing  instruments 
and  materials:  graphical  solution  of  plane  geometrical  problems, 
methods  of  arranging  drawings  on  sheet,  tinting,  and  harmony 
of  colors.  (Warren's  Drafting  Instrument*  and  Operations,  supple- 
mented with  lectures).  Projections;  intersections  of  lines  and 
surfaces;  development  of  surfaces;  elevations;  sections;  letter- 
ing of  various  kinds,  such  as  Roman,  Italic,  Gothic,  Block  aud 
Round  Writing;  borders  for  drawings.  Warren's  Elementary  Pro- 
jection Drawing,  with  lectures.  Topographical  Drawing:  Mak- 
ing scales;  methods  of  plotting  surveys,  by  protractor  and  rect- 
angular co-ordinates;  topographical  signs.  Fall  Term,  10  hours 
per  week,  Winter  Term,  8  hours  per  week. 

Accuracy,  neatness,  and  a  thorough  understanding  of  the 
work  in  progress  are  insisted  upon  at  all  times,  and  no  sheet  will 
be  accepted  which  would  not  pass  in  the  average  drafting  room. 
The  subject  of  lettering  receives  considerable  attention  during 
the  entire  course,  as  nothing  more  effectually  spoils  a  good 
mechanical  drawing  or  map  than  the  miserable  styles  of  letter- 
ing so  generally  used.  Every  attempt  is  made  to  avoid  mere 
copying.  After  the  principles  given  in  the  text-books  have  been 
thoroughly  studied,  special  problems  prepared  by  the  Instructors 
are  given  for  solution. 

The  Topographical  Drawing  is  under  the  personal  super- 
vision of  the  Instructor  in  Surveying,  and  is  arranged  with 
special  reference  to  the  practical  work  in  Plane  and  Mine  Sur- 
veying. The  first  sheets  are  devoted  to  the  making  of  scales, 
and  to  the  different  methods  of  plotting  survey  lines,  the  stud- 
ent having  previously  made  the  necessary  computations  from 
field  notes  furnished  him.  These  sheets  are  followed  by  practice 
in  making  topographical  signs  and  in  filling  in  the  details  of  a 
survey.  This  course  gives  the  student  sufficient  skill  to  plot  his 
own  surveys,  and  assists  him  in  the  making  of  these  surveys,  by 
teaching  him  what  data  are  necessary  for  plotting. 

No  student  may  take  this  amrsc  in  Draiving  wfio  has  entrance 
CfmdUittnx  in  Mathematics. 
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SECOND  YEAR. 

Isometric  and  cabinet  projection;  the  theory  of  construction, 
drawing,  figuring  and  line  shading;  tracing  and  blue  printing; 
the  use  of  bond  paper;  machine  sketching,  and  the  production 
of  complete  working  drawings  from  model,  or  rough  sketches 
furnished  by  the  instructor.  A  system  of  recording  drawings  is 
also  taught.  (Lectures  and  work  in  Drawing  room).  Fall  Term, 
four  hours  per  week;  winter  term,  three  hours  per  week. 

All  working  drawings  are  either  traced  and  blue  printed,  or 
are  drawn  originally  on  bond  paper  from  which  prints  are  made 
direct.  Each  student  will  be  allowed  to  keep  a  complete  set  of 
prints  of  all  his  drawings. 

No  student  m*ty  take  this  course  who  luis  amdUions  in  any  part  of 
the  first  year's  work  in  Drawing  or  Mathetnatlcs. 

THIRD  YEAR. 

Graphical  Statics— Analysis  of  Roof  Trusses  of  various 
standard  designs.  (Greene's  Eoof  Trusses,  supplemented  with 
lectures).    Fall  term,  four  hours  per  week. 

While  the  text-book  will  serve  as  a  guide,  the  scope  of  the 
instruction  will  not  be  confined  to  it.  The  course  is  designed  to 
teach  not  only  the  modes  of  determining  the  forces  in  the  differ- 
ent members  of  structures,  but  also  the  method  of  designing 
such  members  to  resist  those  forces,  by  the  application  of  the 
laws  previously  deduced  in  the  study  of  Mechanics  of  Materials. 
Each  student  will  be  required  to  design  a  truss,  and  make  the 
complete  working  drawings  for  the  same. 

No  student  may  take  this  course  who  fias  conditions  in  any  part  of 
tfie  previous  tiro  years'  instruction  in  Drawing,  MaUiematics,  or 
Mechanics. 

Designing— Lectures  and  work  in  Drawing  Room.  Winter 
Term,  6  hours  per  week. 

Prominence  is  given  in  this  course  to  the  designing  of  girders, 
columns,  shafts,  floors  for  heavy  loads,  framing,  trestles,  etc. 
Special  attention  is  also  given  to  designs  for  long  lines  of  steam- 
pipe,  line  and  counter  shafting  for  various  duties,  etc.  No 
design  is  accepted  unless  accompanied  with  complete  working 
drawings  and  bill  of  materials. 

No  student  may  take  thU  course  who  has  conditions  in  any  part  of  the 
previous  two  years  work  in  Drawing,  Mathematics,  Mechanics, 
Properties  of  Materials,  Grapldcal  Statics,  Mechanism,  or  Mechanics  of 
Materials. 
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In  addition  to  the  regular  course  in  Drawing,  numerous 
applications  of  the  subject  are  obtained  in  connection  with  the 
other  courses:  the  students  are  required  to  make  plats  of  all 
their  field  work  in  Plane  Surveying,  to  prepare  working  plans 
and  sections  of  a  mine  from  their  own  survey,  make  a  map  and 
profile  of  a  railroad  line  surveyed  by  themselves,  and  to  draw 
sections,  diagrams,  maps,  etc.,  in  their  geological  field  work. 

Much  personal  instruction  is  given  during  the  entire  course. 
In  addition  to  the  regular  lectures  and  recitations,  the  Instruc- 
tors are  present  in  the  Drawing  Room  during  the  hours  prescribed 
for  practical  work,  to  give  advice  and  personal  instruction  to 
those  who  need  it.  The  Drawing  Room  will  be  open  on 
Saturdays  until  4  P.M.,  to  accomodate  those  who  wish  to  work 
on  that  day,  and  usually  one  of  the  Instructors  will  be  on  hand 
to  give  them  any  required  assistance. 

Those  who  desire  to  take  the  course  in  Drawing  only,  and 
devote  their  entire  time  to  it,  may  do  so,  provided  the  Instruct- 
or in  charge  of  the  course  is  convinced  of  their  competency  to 
profit  by  the  instruction.  To  pursue  the  course  with  success, 
Plane,  Solid  and  Spherical  Geometry,  Plane  Trigonometry,  and 
Analytical  Geometry  of  two  dimensions,  should  have  been  well 
mastered.  In  case  these  subjects  have  not  been  completed,  the 
Instructor  in  Drawing  will  prescribe  such  courses  in  Mathematics 
as  he  considers  are  necessary,  and  these  will  be  obligatory  on  the 
part  of  the  student. 

INSTRUMENTS  NEEDED. 

Each  student  upon  entrance  will  provide  himself  with  the 
following  list  of  instruments  and  materials,  which  is  given  for 
the  convenience  of  those  who  may  desire  to  purchase  such  goods 
before  coming  to  Houghton. 

One  5  inch  Alteneder  straight,  line  drawing  pen. 

One  6  inch  Alteneder  dividers,  with  bow  pen,  needle  point,  and 

extension  bar. 
One  2i  inch  Ball-Bennet  spring  bow  pen. 
One  3  inch  Ball-Bennet  spring  bow  dividers. 
One  8  inch  horn  protractor. 
One  T  square,  36  inch  blade. 
One  8  inch  30°x60°  rubber  triangle. 
One  8  inch  45°  rubber  triangle. 

One  dozen  German  silver  thumb  tacks,  i  inch  diameter. 
One  bottle  Windsor  and  Newton's  prepared  India  ink. 
One  bottle  Windsor  and  Newton's  Prussian  Blue. 
One  Davidson's  velvet  rubber,  size  about  ixixl finches. 
One  Davidson's  velvet  rubber,  size  about  lix3xi  inches. 
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One   Soenneeken's   Round  Writing  Copy  Book,  and    case    of 

assorted  pens. 
Two  IIHHII  Faber'slead  pencils,  twoHHHHHH  Faber's  pencils. 
Six  sheets  Whatman's  Imperial,  cold  pressed  paper,  N  surface, 

selected  l>est. 
One  bottle  mucilage  and  brush,  or  paste  and  brush. 
One  medium  sized  sponge. 

One  piece  of  chamois  skin  not  less  than  one  foot  square. 
Six  cabinet  saucers,  diameter  It  inches. 
One  boxwood  scale,  Rondinella  divided. 
One  box,  (12  half  pans),  Kcuffel  and  Esser's  technical  colors. 
One  piece  of  artists'  gum,  size  about  lix3xi  inches. 

A  drawing  board,  two  rubber  curves,  and  two  sable  brushes 
will  also  Ik»  required.  Owing  to  liability  of  getting  sizes  that 
will  not  answer,  these  latter  should  be  purchased  in  Houghton. 

The  articles  called  for  in  this  list  are  necessary  for  a  proper 
prosecution  of  the  course,  and  therefore  care  should  be  taken  to 
get  the  exact  instruments  specified,  or  others  of  equal  grade. 
Instruments  not  up  to  standard  will  not  be  allowed  in  the  Draw- 
ing Room,  as  they  will  not  give  satisfaction,  and  will  waste  the 
time  of  both  instructors  and  students. 


MECHANICAL  ENGINEERING. 

Mr.  Kidwell  and  Mk.  Rowland. 
The  course  in  Mechanical  Engineering  during  the  past  year 
has  been  made  more  exhaustive,  and  the  time  devoted  to  it  has 
been  more  than  doubled,  so  that  the  instruction  is  now  amply 
sufficient  to  give  the  student  a  good  preparation  for  actual  work, 
and  to  point  out  the  lines  of  study  to  be  pursued,  should  he 
desire  to  continue  the  subject  after  graduation.  The  following 
is  a  detailed  statement  of  the  course. 

SECOND  YEAR. 

Properties  of  Materials  of  Engineering— Lectures  on 
cast  and  wrought  iron:  steel;  copper  and  its  important  alloys:  tin; 
zinc;  antimony:  bismuth;  timber;  and  lubricating  oils.  Fall  Term, 
2  hours  per  week. 

The  course  includes  a  full  discussion  of  the  various  grades  of 
material,  methods  of  manufacture,  forms  in  which  it  appears  in 
the  market,  their  adaptation  to  the  purposes  of  the  engineer, 
methods  of  preserving  materials  from  corrosion,  decay,  etc.  The 
course  is  supplemented  by  practical  work  in  testing,  for  details 
of  which  see  section  on  Mechanics  of  Materials. 
*  Courses  of  lectures  are  also  giveu  on  stone,  cement,  concrete, 
brick,  their  properties  and  general  qualities,  mode  of  preparation 
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and  their  combinations  in  construction,  etc.,  for  the  details  of 
which  see  sections  of  Hydraulics,  and  Economic  Geology. 

Aro  student  may  take  this  course  who  has  conditions  in  Physics,  or 
first  year  Mathematics. 

Mechanism— Laws  of  motion;  linkwork,  cams;  teeth  of 
wheels,  with  use  of  odontograph;  wheels  in  trains;  aggregate 
motion;  miscellaneous  problems  in  Applied  Mechanics,  with 
applications.  Determination  of  proper  sizes  of  pulleys,  belts, 
etc.,  for  particular  duties.  (Goodeve's  Elements  of  Mechanism, 
supplemented  with  lectures,  and  machinery  in  shops  and  labor- 
atory).   Winter  Term,  4  hours  per  week. 

No  student  may  take  this  course  wlw  has  conditions  in  Mathematics, 
Mechanics,  or  Drawing. 

THIRD   YEAR. 

Tiik  Steam  Engine,  and  allied  subjects— An  elementary 
course  on  the  thermo-dynamics  of  air  and  steam  engines;  the 
relation  between  the  size  of  an  engine,  and  the  work  it  can  do; 
the  mechanics,  mechanism,  and  details  of  steam  engines;  valves 
and  valve  gears;  indicator  diagrams,  their  interpretation,  and 
methods  of  working  them  up;  the  various  kinds  of  boilers,  their 
fittings,  and  the  relative  proportions  of  their  various  parts;  fuel, 
and  heat  developed  during  combustion;  condensation  and  con- 
densers; causes  of  low  efficiency  in  steam  engines,  with  methods 
of  reducing  the  loss;  the  influence  of  compounding  cylinders; 
testing  of  engines  and  boilers  (Holmes's  The  Steam  Engine,  sup- 
plemented with  lectures  and  laboratory  practice  on  Saturdays). 
4  hours  per  week  first  half,  5  hours  per  week  second  half  of  Fall 
Term;  3  hours  per  week,  Winter  Term. 

No  student  may  take  this  cnurse  who  has  conditions  in  Mathematics, 
Physics,  Mechanics,  Drawing,  Mechanism,  or  Properties  of  Materials. 

Engineering  Appliances— Lectures  on  steam  pumps, 
gauges,  lubricators,  safety  valves,  steam  pipe  and  fittings,  boiler 
and  pipe  coverings,  belting  and  packing,  discussion  of  instru- 
ments used  in  testing,  such  as  Prony  brake,  various  kinds  of 
dynamometers,  steam  engine  indicators,  speed  counters,  polar 
plan  i  meters,  etc.  (Trade  Circulars  and  testing  apparatus  in 
laboratory).    Winter  Term,  1  hour  per  week. 

A  large  and  very  complete  assortment  of  Trade  Catalogues 
from  the  leading  industrial  establishments  is  kept  up  to  date, 
and  is  constantly  referred  to  in  these  lectures.  These  Catalogues 
are  at  the  service  of  the  general  public,  as  well  as  the  students. 

This  course  must  be  preceekdby  the  First  Term's  work  in  the  Steam 
Engine. 
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MECHANICS  OF  MATERIALS. 

Mr.  Kidwell. 

Application  of  the  principles  of  statics  to  rigid  bodies; 
elasticity  and  resistance  of  materials;  cantilevers;  simple, 
restrained  and  continuous  beams;  bodies  of  uniform  strength; 
riveting;  torsion  of  shafts;  combined  stresses;  designing  of  beams, 
columns,  and  shafts,  in  wood  and  metal.  (Merriman's  Mechanics 
of  Material*,  suplemented  with  lectures).  3  hours  per  week  first 
half,  2  hours  per  week  second  half  of  Fall  Term. 

Testing  of  Materials  of  Engineering — Such  as  wrought 
and  cast  iron,  steel,  brick,  stone  and  slate.  Lectures,  recitations, 
practical  work  in  the  laboratory  on  Saturdays.  Each  student 
makes  a  series  of  tests  in  tension,  compression,  and  cross  break- 
ing, on  latmratory  testing  machines. 

The  school  is  provided  with  a  100,000  lb.  machine  fitted  for 
teste  in  tension,  compression,  and  cross-breaking;  and  a  cement 
testing  machine.  Those  having  materials  to  be  tested  should 
make  applications  to  the  Instructor  in  charge  of  the  Department, 
and  make  definite  arrangements  with  him  for  the  precise  work 
which  they  desire  to  have  done. 

No  student  may  take  these  courses  who  has  conditions  in  Physics, 
Mechanics,  Mathematics,  Properties  of  Materials,  or  Drawing, 


SHOP  PRACTICE. 

Mr.  Kidwell  and  Mr.  Rowland. 

The  entire  Summer  Term  of  the  second  year  of  the  course  is 
devoted  to  shop  work.  In  the  Machine  Shop  instruction  is  given 
in  chipping,  filing,  scraping,  general  vise  work,  forging  and  use 
of  machine  tools.  A  course  in  pipe  fitting  and  some  practice  in 
setting  shafting  will  also  be  given. 

In  the  Pattern  Shop  a  course  in  bench  work,  making  joints, 
turning,  etc.,  precedes  actual  practice  in  pattern  making.  All 
work  done  in  both  shops  is  to  blue  prints  made  in  the  Drawing 
Room.  The  shop  work  is  planned  with  special  reference  to  the 
needs  of  the  school,  and  such  models  of  valves,  link  motions, 
mechanical  movements,  etc,  as  are  needed  for  lecture  purposes, 
will  be  made  by  the  students. 

The  equipment  of  the  shops  has  been  carefully  selected,  and 
will  be  increased  as  fast  as  the  needs  of  the  school  require  it. 
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The  Machine  Shop  contains  work  benches  for  eighteen  students, 
a  24-inch  by  16-foot  engine  lathe,  a  smaller  screw  cutting  lathe, 
two  hand  lathes,  a  34-inch  drill  press,  a  16-inch  shaper,  a  planer 
of  capacity  Zx2x2  feet,  a  Brainard  No.  4  Universal  Milling 
Machine,  an  Ashcroft  Oil  Testing  Machine,  a  variety  of  grind- 
ing machinery,  with  a  full  complement  of  chucks,  taps,  drills, 
reamers,  and  other  smaller  tools.  A  complete  set  of  pipe  fitting 
tools  up  to  2i  inches  is  also  in  stock.  A  100,000  lb.  tension 
machine,  and  a  cement  testing  machine  complete  the  equip- 
ment of  this  shop.  The  Pattern  Shop  contains  two  large  wood 
lathes;  jig,  circular,  and  band  saws;  buffing  machines;  a  full 
equipment  of  hand  tools  and  appliances,  and  work  benches  for 
twenty-flve  students.  Each  student  has  a  separate  work  bench, 
drawer,  locker,  and  set  of  hand  tools,  for  which  he  will  be  held 
responsible.  Any  damage  to  tools  or  other  part  of  equipment, 
beyond  wear  and  tear  by  legitimate  use,  will  be  charged  to  the 
student  responsible  for  it. 

Power  for  shops  is  supplied  by  a  0  in.  by  9  in.  New  York 
Safety  Steam  Power  Company's  vertical  high  speed  engine, 
driven  by  a  45  H.  P.  horizontal  boiler  in  Stamp  Mill.  The  Buck- 
eye automatic  engine  and  other  machinery  in  the  Stamp  Mill 
are  also  available  for  study.  These  engines  are  fitted  with  all 
necessary  rigging  for  indicator  work,  efficiency  tests,  etc.,  and 
the  school  is  well  provided  with  steam  engine  indicators,  plani- 
meters,  speed  counters,  scales  and  other  instruments  needed  for 
engine  and  boiler  testing. 

To  familiarize  the  students  with  the  operation  and  care  of 
machinery,  each  one  will  be  detailed  from  time  to  time  to  Are 
the  boiler,  run  the  engine,  clean  and  oil  the  machinery,  and  to 
perform  such  other  duties  as  the  Instructor  in  charge  may 
assign  to  him. 

During  the  Summer  term  of  1892,  and  thereafter,  persons  de- 
siring to  take  the  shop  work  only,  will  be  admitted  as  special 
students,  on  presentation  of  evidence  that  they  can  pursue  the 
course  with  profit.  Application  should  be  made  to  the  Director 
or  to  Mr.  Kidweli,  not  later  than  June  15th.  No  student  will  be 
allowed  to  enter  the  course  after  the  first  week  of  Hie  summer  term. 

No  student*  having  conditions  in  Drawing,  Mechanism,  or  Proper- 
ties of  Materials,  may  take  till*  murse,  except. those  who  enter  for  slurp 
xcork  only,  . 
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ELECTRICAL  ENGINEERING. 

Mb.  Kidwell. 

The  growing  tendency  toward  the  more  extended  use  of  elec- 
tricity in  mining,  both  as  an  illuminant,  and  motive  power  for 
hauling,  and  operating  portable  machinery,  will  require  of  the 
Mining  Engineer  of  the  future  a  working  knowledge  of  Electri- 
cal Engineering:  hence  an  elementary  course  in  that  subject  is 
prescribed  for  all  regular  students  in  this  institution. 

The  instruction  will  be  ma  le  as  comprehensive  as  the  time 
available  will  permit,  and  >i>eekil  care  witl  be  taken  to  familiar- 
ize the  student  with  the  fundamental  principles  of  the  science. 
Sufficient  ground  will  l>e  covered  to  enable  him  to  understand 
the  electrical  machinery,  appliances,  and  processes  in  general 
use,  and  give  him  a  good  foundation  for  more  advanced  work 
should  he  desire  to  devote  himself  more  particularly  to  Electrical 
Engineering  after  graduation. 

The  preparatory  course  in  Electricity  given  in  Physics  is 
supplemented  with  the  following: 

SECOND   YEAR. 

ElECTHUAL    ISSTRVMKNTs    AND  M  EAM'REMESTV—  Discussion 

and  measurement  of  current,  elect rometric  force,  quantity, 
density,  resistance  and  insulation,  commercial  ammeters,  volt- 
meters, resistance  set*,  condensers,  etc.:  power  and  its  measure- 
ment. (Ayrtoa's  iVedtV'i/  £''«*-'nWty.  with  lectures*.  2  hours  per 
week.  Winter  Term. 

A'o  student  iih4tif  t4ihi'thi*  e*»«/*vf  trh*th'"*  <imdUU*ns  in  Mathematics, 
Mechiiiik-s,  or  Phyxics. 

THIRD  YEAR. 

Electrical  E  no  in  eeiuno  - Electro-magnets,  and  electro- 
magnetic induction,  theory  of  the  d\nam  >.  U>th  direct  and  alter- 
nating current,  with  discussion  of  the  tu»icai  forms  iu  general 
use:  motors  arid  their  application*;  transf  «rmers:  storage  lotter- 
ies: electrical  fittings,  wiring,  etc.  S'.irs^o  a:al  l>n«>kers  Ekctri- 
ad  Ehiji/e<  rimj.  with  lectures*  3  hours  per  week.  Fall  and 
Winter  Terms. 

So  Hliuhnt  imnj  tttke  this  ttftrw  >"h<>  has  ri>n,}i:i<>nx  In  J£»r thermit**** 
Phytic*,  yitxiuinu's*  Dr<nvimj<*r  ./;e  itmxdimj  '/u//**  tench  in,  EUxtrieity+ 
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PLANE  SURVEYING. 

Mr.  Denton. 

The  course  in  Surveying  is  designed  to  be  practical  and  com- 
plete as  far  as  regards  the  ordinary  wants  of  a  Mining  or  Civil 
Engineer.  The  course  begins  with  two  hours  per  week  in  the 
Spring  Term  of  the  first  year. 

This  part  of  the  course  is  devoted  exclusively  to  the  study 
of  the  computations  necessary  in  Plane  Surveying,  and  to  the 
making  of  maps  and  scales. 

Davies's  Surveying  is  used  in  this  work  as  a  text-book.  The 
Topographical  Drawing  which  is  in  charge  of  the  same  instruc- 
tor, is  arranged  with  special  reference  to  this  course,  and  the 
two  subjects  are  made  to  harmonize,  and  to  prepare  the  student 
to  perform  the  practical  work  of  the  Summer  Course  in.  Survey- 
ing with  facility. 

Understanding  the  computations  and  the  methods  of  plotting 
thoroughly,  the  student  is  able  to  appreciate  the  different  me- 
thods of  collecting  data,  and  can  devote  his  whole  attention  to 
them,  and  to  the  practical  work.  To  take  this  course  the  stu- 
dent must  have  passed  in  all  the  preceeding  Mathematics. 

SUMMER  COURSE  IN  SURVEYING. 

Mr.  Denton. 

During  eleven  weeks  of  each  summer,  a  special  course  of  Sur- 
veying will  be  conducted.  Attendance  upon  this  course  is  obli- 
gatory for  all  regular  students  completing  the  first  year. 

The  object  of  this  summer  course  is  two- fold: 

First,  to  give  the  regular  students  more  thorough  and  extend- 
ed practice  in  the  field  than  it  is  possible  to  do  while  other 
school  work  is  being  carried  on.  Second,  to  provide  a  thorough, 
practical  course  in  Surveying  for  persons,  other  than  regular 
students,  who  may  be  desirous  of  becoming  surveyors,  or  who 
may  wish  to  obtain  practical  experience  in  the  subject.  There 
is  perhaps  no  course  of  study  which  can  be  offered  by  an  institu- 
tion, that  will  give  so  quick  and  profitable  returns  for  the 
money  and  time  expended  by  the  pupil,  as  a  thorough,  practical 
course  in  Surveying,  since  employment  at  a  fair  salary  can  al- 
most always  be  obtained  by  a  competent  surveyor. 

In  this  summer  course,  study  and  practical  work  are  combined. 

Johnson's  tlTheory  and  Practice  of  Surveying,"  last  edition, 
is  used  as  a  text-book;  l>eing  supplemented  when  necessary  with 
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lectures.  Generally  the  first  hour  of  the  day  is  devoted  to  class 
room  work  and  the  remainder  to  field  work. 

The  subjects  studied  comprise  the  use  and  adjustments  of 
surveying  instruments,  and  methods  of  surveying. 

For  field  work  the  students  are  divided  into  squads  of  from 
two  to  five  men  each.  Each  squad  is  required  to  make  a  certain 
number  of  surveys:  while  each  member  of  the  squad  has  to  make 
from  the  work  done,  a  full  set  of  notes,  computations  and  maps. 

The  field  work  consists  of: 

1.  Exercises  in  pacing,  with  a  detailed  survey  of  a  field  by 
pacing. 

2.  Practice  in  chaining  distances,  and  in  laying  off  right 
angles  and  parallel  lines  with  the  chain. 

3.  Practice  in  ranging  lines  with  sight  poles  under  different 
conditions. 

4.  Exercises  in  reading  compass  bearings. 

5.  Detail  survey  of  a  farm,  made  by  means  of  compass  and 
chain. 

6.  Adjustment  of  the  hand  level,  and  practice  in  its  use. 

7.  Topographical  survey  on  the  rectangular  plan,  with  com- 
pass, chain  and  hand  level. 

8.  Adjustment  of  the  transit,  and  exercises  in  reading  the 
angles  of  a  triangle  by  the  repetition  method. 

9.  Determination  of  the  true  meridian  by  observations  on 
Polaris  and  on  the  sun. 

10.  Running  a  close  traverse,  the  angles  being  determined 
by  repetition,  the  distances  measured  with  a  steel  tape,  and 
afterwards  corrected  for  inclination,  catenary,  and  temperature. 

11.  llunning  an  azimuth  traverse  around  a  polygon,  the  dis- 
tances being  measured  by  a  telemeter. 

12.  City  surveying,  laying  out  lots  and  streets,  and  deter- 
mining the  position  of  house  and  fence  lines. 

13.  Adjustment  of  the  Wye  level,  and  running  a  line  of  levels 
about  one  mile  in  length. 

14.  Survey  of  a  mining  claim,  with  solar  compass,  according 
to  Government  regulations. 

15.  He  tracing  and  subdividing  of  a  section  of  land  in  accord- 
ance with  the  United  States  Government  field  notes. 

16.  Topographical  survey  with  the  plane  table,  based  upon  a 
system  of  triangulation  with  the  transit. 

17.  To{x>graphical  survey  with  transit  and  stadia. 

18.  Railroad  survey.  About  one  mile  of  road  is  located,  slope 
stakes  set,  profiles,  maps  and  cross  sections  made,  and  the  cut- 
tings and  embankments  calculated. 

The  Mining  School  owns  the  following  set  of  instruments: 

one  plane  table  from  Buff  and  Berger— nine  transits,  three  from 

Buff   and    Berger,  three  from  Heller  and  Brightly,  two  from 

Fauth,  one  from  Gurley— five  "Wye  levels,  two  from  Heller  and 

~ightly,  one  from  Buff  and  Berger,  two  from  Gurley— five  Burt 

-  compasses,  five  magnetic  compasses,  fifteen  Locke  hand 
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levels,  six  water  levels.  Id  addition  to  these  more  expensive  in- 
struments, the  School  owns  the  necessary  number  of  mining 
lamps,  chairs,  steel  tapes,  poles,  rods,  etc. 

Two  of  the  transits  are  provided  with  three  tripod  outfits  for 
mine  surveying,  and  all  the  transits  are  adapted  to  mine  as  well 
as  surface  work. 

Persons  wishing  to  join  the  summer  course  only,  are  required 
to  prepare  themselves  upon  the  first  two  books  of  Davies's 
Surveying,  revised  by  Van  Amringe,  in  the  subjects  of  Plane 
Trigonometry,  Logarithms,  and  Mensuration. 

Those  attending  the  Summer  course  should  provide  themselves 
with  Johnson's  -'Theory  and  Practice  of  Surveying, "  last  edition, 
a  pair  of  six-inch  dividers  with  pen  and  pencil  attachments,  a 
right  line  pen,  a  decimal  scale,  a  large  triangle,  a  T  square, 
medium  and  hard  pencils,  and  a  ten  or  twenty-flve  foot  steel 
pocket  tape  graduated  to  feet  and  tenths.  These  articles  are 
indispensable,  but  additional  drawing  instruments  will  be  found 
convenient. 

The  furnishing  of  the  surveying  apparatus  by  the  Mining 
School  is  a  considerable  expense  to  the  institution,  and  while 
losses  due  to  ordinary  and  legitimate  wear  and  tear  of  the 
instruments,  are  borne  by  the  School,  any  injuries  due  to  care-^ 
lessness  on  the  part  of  the  student  must  be  made  good  by  him. 

The  Summer  Course  in  Surveying  will  commence  each  year 
about  the  first  of  July,  and  all  persons  who  desire  to  attend  are 
requested  to  send  in  their  names  early  to  the  Director  of  the 
Mining  School,  or  to  Mr.  Denton,  in  charge  of  the  course,  in  order 
that  proper  provision  may  be  made  for  them.  This  course,  like 
all  others  in  the  school,  is  free  to  any  one  who  is  properly  quali- 
fied, whether  a  resident  of  the  State  of  Michigan  or  not.  The 
course  is  given  in  Houghton.  Regular  students  must  have 
passed  in  all  the  preceding  Mathematics  and  Plane  Surveying  in 
order  to  take  this  course. 


MINE  SURVEYING. 

Mr   Denton. 

Instruction  in  Mine  Surveying  is  given  to  the  second  year 
students  by  means  of  text-books,  lectures  and  recitations. 
Many  practical  problems  are  assigned  the  students  to  be  solved 
by  them. 

A  portion  of  the  six  weeks  spent  at  the  mines  during  the 
spriug  term  is  occupied  in  making  a  Mine  survey.    Each  student 
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is  required  to  make  a  full  set  of  computations  and  maps  based 
upon  his  survey.  Students  taking  this  course  must  have  passed 
in  the  preceding  work  in  Mining  and  Plane  Surveying. 


HYDRAULICS. 

Mr.  Denton. 

Instruction  in  this  course  is  given  with  the  aid  of  a  text-book, 
especial  attention  being  paid  to  the  solution  of  practical  problems. 
The  course  involves  the  flow  of  water  through  orifices,  pipr*s  and 
canals,  and  over  weirs,  the  calculation  of  sizes  of  pipes  and  con- 
duits to  convey  given  discharges,  the  construction  of  dams, 
reservoir  walls,  etc.  Water  power  and  water  motors  are  dis- 
cussed at  length.  Merrinian's  "Treatise  on  Hydraulics"  is  used 
as  a  text-txx)k.  In  this  course  are  also  considered  briefly 
materials — stone,  cement,  concrete,  brick,  their  properties  and 
general  qualities,  mode  of  preparation,  and  their  combinations 
in  construction;  structures — masonry  construction,  theory  and 
practical  building  of  retaining  walls,  foundations,  etc. 

Students  taking  this  course  must  have  passed  in  the  preced- 
ing courses  in  Mathematics. 


MINING. 

Mr.  Denton. 

The  course  consists  of  a  series  of  lectures  illustrated  by 
diagrams,  photographs,  and  sketches.  The  students  make  full 
notes  of  these  lectures,  and  are  required  to  recite  upon  them  at 
short  intervals.  The  work  is  arranged  to  cover,  as  thoroughly 
as  the  time  allotted  will  permit,  the  various  operations  that  are 
necessary  in  mining  enterprises. 

The  following  outline  of  subjects  will  give  an  idea  of  the 
ground  covered. 
1st.    Surface  Excavation: 

Determination  of  the  amount  and  character  of  the  material  to 
be  removed,    methods   of   excavation,    comparative   cost   and 
economy  of  different  methods  of  removing  excavated  material. 
2nd.    Explosives: 

Gunpowder,  constituents,  manufacture,  properties. 

Higher  Explosives,  constituents,    manufacture,    properties, 
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precautions     necessary,     comparative    strength,    and   special 
advantages,  testing. 
3rd.    Drilling : 

Hand  drilling,  types  of  drills. 

Machine  drills,  description,  careful  study  of  successful  forms 
of  machines,  rate  of  drilling,  repairing,  cost. 
4th.    Blasting: 

Theory  of  blasting,  with  reference  to  the  calculation  of  amount 
of  explosives  necessary  for  large  blasts;  location  of  holes,  charg- 
ing, tamping,  firing  by  fuse  and  electricity. 
5th.    Air  Compressors: 

Conditions  of  working,  types,  special  study  of  the  Rand  and 
Ingersoll  Compressors. 
6th.    Prospecting: 

Different  methods,  deep   prospecting,    by   oil    well   boring 
method,  by  diamond  drills.    Conditions  under  which  the  different 
methods  are  applicable,  and  their  cost. 
7th.    Shaft  Sinking: 

Through  easy  ground  by  ordinary  methods.    Study  of  the 
methods  used  successfully  in  sinking   through  difficult  ground, 
cost  and  comparative  merits. 
8th.    Drifting. 
9th.    Methods  of  Exploitation: 

Typical  methods  for  narrow  and  wide  veins  and  beds,  includ- 
ing coal  mining. 
10th.    Underground  Transportation: 

Tramming,   mule  and  mechanical  haulage,  construction  of 
cars. 
11th.    Hoisting: 

Inclined  and  vertical  shafts,  style  of  engines,  automatic  and 
safety  devices,  cages,  skips,  wire  ropes. 
12th.    Mine  Drainage: 

Adits,  collecting  water,   raising  the   water   with    winding 
machinery,  Cornish  and  direct  acting  pumps. 
13th.    Mine  Ventilation  and  Lighting. 
14th.    Accidents  and  Mine  Accounts. 

In  connection  with  this  work,  frequent  visits  to  neighboring 
mines  are  made,  where  the  machinery  and  processes  described 
can  be  seen  by  the  student  in  actual  operation.  In  order  to 
make  these  visits  of  permanent  value  to  the  student,  he  is 
required  to  write  a  description  of  the  mine  visited,  accompany- 
ing his  description  with  sketches,  showing  dimensions  and  details 
of  certain  pieces  of  machinery,  or  other  objects,  that  may  have 
been  indicated  to  him. 


4S  Jlifh**j**n  Jf'/**'j"j  S/if^J. 

During  six  weeks  of  the  Sprin*  Tenu  of  the  secvnd  year,  the 
class  in  Mining  is  oceupb-d  in  studying  at  <*»me  «>f  the  neighbor- 
ing mines.  About  two  wevks  of  thN  time  is  given  to  making 
mine  surveys  and  the  remainder  to  the  detailed  study  of  mining 
operations. 


CHEMISTRY. 

GENERAL  CHEMISTRY. 
Fkhtessob  Kkllek. 

The  enurse  in  General  Chemistry  extend*  over  the  first  year. 
Instruction  is  gi\en  l»y  experimental  lectures*  recitations,  and 
laboratory  exercises*  The  general  plan  followed  is  that  of  Rieh- 
ters  "Inorganic  Chemistry,"*  wh:»*h  is  also  the  text-l*>ok  used  in 
the  recitations.  Smith  and  Keller's  "Laboratory  Notes"  serves 
as  a  guide  in  the  practical  work.  The  subjects  treated  during 
the  ttrst  term  are  the  fundamental  principles  of  the  science,  and 
the  chemistry  of  the  non-metallic  elements:  a  course  in  blow- 
pipe analysis,  preparatory  to  determinative  mineralogy,  is  given 
before  the  regular  ch>  mical  exercises  are  taken  up.  Only  two 
hours  a  week  are  a'l^tted  to  chemistry  during  the  winter  term, 
and  they  are  mainly  devoted  to  recitations  nu  th«-  metals.  These 
recitations  are  supplemented,  however,  by  informal  lectures  and 
illustrated  by  experiments,  diagrams*  and  suites  of  specimens 
froin  the  chemical  and  m}  tiering  leal  o»I.ecti  tk  LaU»ratory 
exe reives  on  this  part  «>cvup\  tlfteeu  h^  urs  a  w^ek  during  the  en- 
tire Spring  Term:  they  are  designed  to  form  an  introduction  to 
Qualitative  Analws. 

Examinations  are  held  at  the  end  of  each  term,  and  w>  xiuthnt 
huHittj  anul-?itjn$   is  prntuti'd  *o   owtmtu.  aicj  .iuf)tn*[twnt  y*irt  of  the 

yi'AUTATIYE  ANALYSIS. 

l*KOK£S>OK    KBLLKK   AXt>   Mk.    SUAKPLKSS. 

The  fall  term  and.  if  nece>sarv,  part  of  the  winter  term  of 
the  second  year,  are  devoted  to  a  systematic  course  in  Qualitative 
AnaUsis.  The  student  having  already  performed  the  prelimin- 
ary experiments,  is  expected  to  be  familar  with  the  important 
reactions  of  the  metals  and  the  acids  He  begins  by  studying 
their  division  iuto  auaNUeai  groups-  and  then  proceeds  to  the 
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separation  and  identification  of  the  individual  members  of  each 
group.  After  completing  this  work  he  is  given  mixtures,  whose 
composition  is  not  known  to  him,  for  qualitative  examination. 
These  mixtures  are  carefully  selected  and  graded;  their  number 
depends  upon  the  accuracy  and  rapidity  with  which  the  student 
accomplishes  the  detection  of  the  constituents. 

With  the  exception  of  one  class-room  recitation  on  Qualita- 
tive Analysis  and  another  on  Oxidation  and  Reduction  (with 
Mr.  Sharpless),  the  instruction  is  confined  to  the  laboratory. 
Daily  recitations  are  made  there;  students  are  required  to  keep 
a  complete  and  detailed  record  of  their  work,  to  write  the  equa- 
tions representing  the  reactions  involved  in  it,  and  to  explain  to 
the  instructor  the  reasons  for  each  operation  they  perform. 
Fresenius's  Manual  is  used. 


QUANTITATIVE  ANALYSIS. 

Professor  Keller  and  Mr.  Sharpless. 

In  Quantitative  Analysis  students  begin  their  work  by  learn- 
ing the  necessary  manipulation,  especially  in  the  operation  of 
weighing.  They  are  then  given  a  number  of  exercises  in  gravi- 
metric analysis.  Beginning  with  the  determination  of  a  single 
constituent  in  salts  of  known  composition,  they  proceed  by  de- 
grees to  complete  analysis  of  more  complex  substances.  These 
examples  are  selected  with  a  view  to  afford  practice  in  all  the 
principal  operations  of  gravimetric  analysis,  as  well  as  in  the  de- 
termination of  the  important  basic  and  acid  radicals.  When 
this  is  accomplished  the  typical  volumetric  processes  are  taken 
up  in  order,  and  these  are  finally  followed  by  work  involving  the 
combined  use  of  gravimetric  and  volumetric  methods. 

A  complete  course  of  lectures,  supplemented  by  recitations 
runs  parallel  to  the  laboratory  practice.  The  chief  book  of 
reference  is  Freseniuss  (the  students  are  required  to  provide 
themselves  with  it);  other  standard  works  and  the  original  liter- 
ature are  also  constantly  consulted.  One  of  the  instructors  is 
always  present  in  the  laboratory  during  the  regular  working 
hours,  and  personal  assistance  is  rendered  when  necessary. 

TECHNICAL  ANALYSIS. 
Professor  Keller  and  Mr.  Sharpless. 
To  this  subject  is  devoted  the  time  available  for  Chemistry 
during  the  Winter  Term  of  the  third  year. 


50  Michigan  Mining  School* 

Mr.  Sharpless  offers  a  course  in  Metallurgical  Analysis  of 
seven  hours  a  week.  The  object  of  this  course  is  to  acquaint 
the  student  with  the  special  methods  of  analysis  that  are  in  use 
in  the  laboratories  of  metallurgical  establishments.  Special 
prominence  is  given  to  the  assay  and  complete  analysis  of  iron 
ores,  the  determination  of  the  impurities — Carbon,  Silicon, 
Phosphorus,  Sulphur,  Manganese — in  pig  iron  and  steel,  the 
analysis  of  fuel,  slag.  limestone,  etc.  The  student  is  taught  not 
only  to  perform  these  determinations  acfurntely*  but  also  to  work 
as  rrtpidly  as  is  consistent  with  the  desired  degree  of  accuracy*. 
Complete  sets  of  special  apparatus  have  been  procured  and  con- 
structed for  this  work,  detailed  printed  directions  by  Mr. 
Sharpless  are  used  as  a  guide,  and  most  of  the  original  literature 
is  also  accessible. 

In  addition,  nine  hours  a  week,  elective  with  Designing  and 
Electrical  Engineering,  are  allotted  to  practice  in  special  me- 
thods of  analysis  with  Professor  Keller.  This  course  includes 
the  analysis  of  water  for  hygienic  and  industrial  purposes,  anal- 
ysis of  gases,  explosives,  furnace  products,  re  titled  cupper,  etc. 
A  series  of  lectures  supplements  the  lat>oratory  practice. 

The  aim  has  been  to  make  the  lal>oratory  appliances  and  con- 
veniences as  complete  and  ample  as  possible.  The  laboratories, 
lecture,  balance,  and  supply  rooms  are  all  on  the  same  floor. 
The  laboratories  are  furnished  with  large  fume  chambers  which 
have  a  good  draught,  and  are  supplied  with  hot  plates,  and  sand 
and  steam  baths.  The  tables  are  furnished  with  sinks — one  for 
each  pair  of  students— and  have  abundant  gas  and  water  sup- 
plies. Filter  pumps  are  arranged  at  each  sink  so  as  to  provide 
a  pump  for  each  student.  The  laboratories  are  supplied  with 
gas,  and  are  well  lighted,  as  well  as  fully  equipped  with  all  the 
modern  appliances  needed  for  chemical  analysis. 


ASSAYING. 

Mk.  Sharpless. 

Instruction  is  given  in  the  Are  assay  of  gold,  silver,  lead  and 
and  copper  ores;  gold  and  silver  coin,  bullion,  copper  "mineral" 
and  slags. 

The  assay  lulx>ratory  contains  ten  large  crucible  furnaces  and 
eighteen  muffle  furnaces  of  the  lirown  pattern,  and  sixteen 
crucible  and  muffle  gasoline  furnaces  (Hoskins's),  the  inten- 
tion being  to  provide  a  niutfle  for  each  student  and  so  avoid  the 
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inconvenience  of  making  one  furnace  do  for  two  or  more  persons. 
The  laboratory  is-  provided  with  a  Blake  and  a  Gates  crusher, 
laboratory  size,  to  be  run  by  power,  large  buck  plates,  large  and 
small  mortars,  sets  of  sieves,  etc.  The  weighi  ng  room  is  supplied 
with  six  pulp  scales  and  five  button  balances,  of  Troemner's  and 
Uecker's  make,  for  use  in  this  department. 

Of  the  two  weeks  devoted  to  assaying,  almost  all  the  time  is 
spent  in  the  laboratory,  lectures  and  recitations  forming  a  minor 
portion  of  the  work.  125  to  150  assays  are  made  upon  samples 
differing  as  widely  as  possible  in  composition,  and,  consequently, 
in  methods  of  treatment. 

Students  who  desire  to  pursue  this  course  must  have  taken 
one  term's  work  in  Quantitative  Analysis. 


ORE)  DRESSING. 

Mr  Sjiarpless. 

The  course  in  Ore  Dressing  extends  over  the  first,  second,  and 
third  terms  of  the  third  year. 

During  the  first  and  second  terms,  instruction  is  given  in  the 
theory  of  amalgamation  and  mechanical  treatment  of  ores 
previous  to  their  smelting. 

This  instruction  is  given,  for  the  most  part,  by  lectures,  sup- 
plemented, when  possible,  with  text-book  work  and  references 
to  the  standard  literature  on  the  subject. 

The  ground  covered  by  the  lectures  includes— 

I.  Physical  properties  upon  which  ore  dressing  operations 
are  based. 

II.  Theory  of  jigging  and  slime  treatment. 

III.  Hand  dressing. 

I V.  Crushing  machinery,  jaw  crushers,  stamps,  rolls,  pulver- 
izers, etc. 

V.  Sizing  machinery,  fiat  and  revolving  screens,  tables,  etc. 

VI.  Sorting  machinery,  jigs,  settlers,  etc. 

VII.  Typical  ore  dressing  works. 

With  each  mechanical  device  studied,  the  theory  of  its  use, 
its  advantages  and  disadvantages,  are  discussed,  and  when 
possible  the  machine  is  examined  in  the  Mining  School  stamp 
mill  or  in  one  of  the  stamp  mills  in  the  vicinity.  When  no 
machines  arc  available  for  this  work,  use  is  made  of  drawings 
and  photographs,  with  which  this  department  is  well  supplied. 
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During,  the  Fall  and  Winter  terras  considerable  time  is 
devoted  to  the  examination  of  dressing  plants  near  Houghton. 
These  examinations  arc  made  on  Saturdays,  but  are  a  part  of  the 
obligatory  work.  Students  are  required  to  make  careful  notes 
of  all  observations,  make  sketches  of  plants  and  machinery,  and 
make,  to  the  instructor,  written  reports  of  such  observations. 

During  the  third  term  instruction  is  given  in  the  mining 
laboratory,  in  amalgamating  and  dressing  of  gold,  silver,  lead 
and  copper  ores. 

The  mining  laboratory  is  equipped  with  an  assortment  of 
modern  crushing,  sizing  and  sorting  machines,  and  is  well  pre- 
pared to  treat  free-milling  and  refractory  ores  by  such  methods 
as  analysis  and  mill  tests  show  to  give  the  best  results. 
Students  are  required  to  care  for  the  machinery,  carry  out  the 
dressing  operations,  and  check  their  results  by  Are  assay.  When 
the  work  on  an  ore  has  been  tinishcd,  the  student  makes  his 
report. 

This  report  includes  the  results  obtained  by  all  methods  used, 
whether  they  are  positive  or  negative,  as  well  as  the  method 
which  seems  to  be  the  most  ccjiiomical  for  its  treatment. 

The  apparatus  at  the  disposal  of  a  student  at  present  consists 
of  the  following  pieces:  One  650-pound  three  stamp  battery,  for 
wet  or  dry  crushing,  furnished  with  copper  plates;  one  Blake 
crusher;  one  Gates  crusher;  one  sample  grinder;  one  pair  of  rolls; 
one  amalgamating  pan;  one  settler;  two  jigs;  one  Calumet 
separator;  one  spitzkasten;  one  Frue  vanner;  apron  tables; 
screens;  precipitating  tanks;  and  settling  tanks  sufficient  to 
enable  the  student  to  check  all  his  results  by  assay. 

It  is  required  that  this  course  be  preceded  by  the  first  year's 
course  in  Physics,  and  second  year's  course  in  Mathematics,  and 
be  accompanied  by  the  third  year's  course  in  Metallurgy  and 
Assaying. 


METALLURGY. 

Mr.  Suarpless. 

Instruction  in  Metallurgy  is  given  during  the  second  and 
third  years  by  lectures  and  recitations,  supplemented  when  pos- 
sible by  the  use  of  text-books  and  visits  to  metallurgical  works. 
The  object  of  the  course  is  to  give  the  student  a  thorough 
foundation   in   the  fundamental   principles  of  the  different 
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metallurgical  processes.  In  studying  each  of  the  metals  special 
attention  is  paid  to  the  properties  of  the  commercial  forms,  and 
to  the  effects  of  impurities  upon  their  value  for  engineering 
purposes.  During  the  second  year  fuel,  refractory  materials, 
iron,  steel  and  aluminum  are  discussed;  the  various  ores  of  iron; 
the  properties  of  cast  iron,  wrought  iron  and  steel;  the  methods 
hy  which  objectionable  elements  in  the  ore  may  be  kept  out  of 
the  finished  product,  or  their  effects  neutralized;  theory  and 
description  of  blast  furnace  and  puddling  process;  puddled, 
blistered  and  crucible  steel;  acid  and  basic  Bessemer  steel;  and 
open-hearth  steel  processes. 

During  the  third  year  the  metallurgy  of  copper,  lead,  silver, 
and  gold  is  studied  by  lectures  and#  frequent  references  to  the 
library.  It  is  the  aim  of  these  courses  to  acquaint  the  student 
with  the  best  modern  American  methods  in  sufficient  detail  to 
enable  him  to  make  an  intelligent  choice  for  the  treatment  of 
any  particular  ore,  and  also  to  familiarize  him  with  the  modern 
metallurgical  literature. 

In  connection  with  these  courses  frequent  visits  are  made  to 
the  smelting  works  in  the  vicinity,  and  each  student  is  required 
to  report  upon  the  observations  made  by  him. 

Students  taking  either  of  the  courses  in  Metallurgy,  must 
have  taken  the  first  year  Chemistry  and  Mineralogy. 


CRYSTALLOGRAPHY. 

The  Director  and  Assistants. 
Instruction  in  this  subject  will  be  given  by  means  of  lectures 
and  laboratory  practice  in  determining  the  forms  and  planes  of 
aU>ut  eleven  hundred  glass  and  wooden  crystal  models,  with 
recitations  upon  the  same.  In  connection  with  the  course  in 
Mineralogy  the  instruction  is  confined  to  giving  the  student  the 
practical  knowledge  of  crystal  forms  which  he  needs  in  his 
Determinative  Mineralogy.  The  subject  is  further  discussed  in 
connection  with  the  course  in  Petrography. 
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MINERALOGY. 

The  Director  and  Assistants. 

For  Determinative  Mineralogy,  there  is  provided  a  typical 
set  of  all  the  important  minerals,  special  attention  being 
paid  to  those  of  economic  value,  as  well  as  to  those  occurring  as 
ganguc  or  rock-forming  minerals.  Special  collections  are  ar- 
ranged showing  the  physical  characters  of  minerals, their  pseudo- 
morphs,  etc. 

These  minerals  are  arranged  in  drawers  labeled,  and  are  at 
all  times  freely  accessible  to  the  student.  Lectures  are  given 
upon  these  specimens,  in  which  their  essential  characteristics 
are  pointed  out,  particular  attention  being  paid  to  the  features 
which  will  distinguish  each  mineral  from  all  others  in  the  set. 

Besides  the  typical  collection  of  minerals,  there  are  arranged 
in  a  large  number  of  drawers,  some  fifteen  thousand  specimens 
of  the  same  mineral  species  These  are  placed  in  convenient 
groups,  but  are  unlabeled.  These  specimens  are  selected  so  as 
to  give  as  great  a  variety  of  form,  appearance  and  habitat  as 
possible,  in  order  that  the  student  may  be  familiar  with  all  the 
types  that  he  will  be  likely  to  meet  with  in  his  professional 
practice.  Drawers  of  these  unlabeled  minerals  are  assigned  to 
each  student,  who  is  required  to  determine  them  and  to  recite 
upon  them.  lie  is  required  to  do  that  which  the  practical 
mineralogist  does:  to  determine  his  minerals  by  the  shortest 
method  possible,  consistent  with  accuracy,  the  method  to  vary 
according  to  the  specimen.  To  this  end  every  method  of  deter- 
mination short  of  quantitative  analysis  is  employed;  that  is,  in 
each  case  the  crystal  form  and  other  physical  characters  are  used, 
as  well  as  the  blowpipe  and  wet  tests,  so  far  as  they  may  be 
needed. 

After  the  student  has  studied  and  recited  upon  the  specimens 
contained  in  a  sufficient  number  of  drawers  of  one  group,  he  is 
then  assigned  to  drawers  containing  the  unlabeled  minerals  of 
another  group,  which  have  mixed  with  them  specimens  of  the 
preceding  group  or  groups.  In  this  way  each  student  is  required 
to  determine  in  his  course  from  3,000  to  6,000  different  mineral 
specimens.  Besides  the  lecture  notes,  the  student  uses  Dr.  E. 
S.  Dana's  "Text  Book  of  Mineralogy." 

The  result  of  this  work  is  such  that  a  student  not  only  knows 


Departments  of  Instruction.  55 

how  to  determine  any  mineral  that  he  may  meet,  but  he  is  also 
enabled  to  recognize  at  sight  the  great  majority  of  over  three 
hundred  mineral  species,  which  he  is  required  to  study  in  this 
course. 

Some  twenty-two  thousand  mineral  specimens  were  added  to 
the  mineralogical  collections  during  1889  and  1890,  making  this 
institution  second  to  none  in  its  means  employed  in  giving  in- 
struction in  practical  Determinative  Mineralogy.  The  entire 
collections  number  over  twenty-seven  thousand  specimens  of 
minerals. 


LITHOLOGY. 

The  Director  and  Assistants. 

Large  and  complete  collections  of  rock  specimens  are  arranged 
for  the  use  of  the  student.  The  course  of  instruction  here  is 
similar  to  that  followed  in  the  course  in  Mineralogy.  Lectures 
are  given  upon  the  specimens  of  the  typical  collection,  the  me- 
thod of  classification  explained,  and  the  distinguishing 
characters  of  the  different  groups,  species  and  varieties  pointed 
out.  Special  attention  is  called  to  the  variations  and  alterations 
in  rocks,  and  to  their  local  modifications  due  to  their  special 
mode  of  occurrence  in  the  field.  After  the  study  of  a  sufficiently 
large  number  of  types  has  been  had,  the  student  has  assigned  to 
him  drawers  containing  unlabeled  specimens  of  these  rocks, 
which  he  is  expected  to  determine  and  to  recite  upon,  as  he  has 
done  in  his  study  of  the  minerals.  The  course  is  thus  made 
thorough  and  practical. 

Besides  the  general  lithological  collections,  there  are  special 
collections  arranged  according  to  the  classification  of  liosen- 
buseh,  according  to  geological  ages,  etc.,  etc. 

There  is  also  a  large  collection  of  microscopic  sections  of 
rocks,  especially  to  accompany  the  Rosenbusch  collection.  For 
further  illustration  and  study,  recourse  may  be  had  to  the  col- 
lections of  the  Michigan  State  Geological  Survey,  now  numbering 
between  six  and  seven  thousand  specimens  and  an  equal  num- 
ber of  microscopic  sections.  These  collections  are  at  present 
deposited  in  the  Laboratory  of  Economic  Geology,  under  the 
charge  of  the  State  Geologist  and  his  assistants.  The  litho- 
logical collections  of  the  Mining  School  contains  over  eleven 
thousand  specimens;   over  nine  thousand  having  been  added 
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during  the  past  two  years.  By  means  of  these  collections  the 
student  is  rendered  practically  familiar  with  all  the  rock  varie- 
ties he  is  liable  to  meet.  A  student  to  take  this  course  must 
have  completed  the  courses  in  Crystallography  and  Mineralogy. 


PETROGRAPHY. 

Drs.  Lane  and  Patton. 

The  main  object  of  this  course  is  to  enable  students  to  use 
the  petrographical  microscope  in  the  recognition  of  minerals  and 
rocks,  but  much  of  Physical  Mineralogy,  aud  some  parts  of 
Crystallography,  are  most  appropriately  taken  up  in  this  connec- 
tion. 

f3  The  study  of  this  new  field  of  science  has,  within  the  past 
ten  years,  been  introduced  into  the  leading  universities,  but  is, 
so  far  as  we  know,  only  here  given  as  a  part  of  a  regular  Mining 
School  ^course.  There  is,  therefore,  as  yet  no  textbook  which 
covers  the  field  or  is  adapted  to  the  needs  of  theclassof  students 
in  question.  The  instruction  is  consequently  through  lectures 
and  lal>oratory  work,  with  syllabi  and  tables. 

The  microscope,  besides  enabling  us  to  see  the  structure  of 
finegrained  rocks  and  divine  their  origin,  finds  quite  as  impor- 
tant a  use  in  attachments,  which  allow  us  to  determine  many 
minerals,  from  their  optical  properties,  more  easily  and  accurate- 
ly than  with  the  blowpipe.  Each  student  has  a  microscope,  and  is 
required  to  measure  the  various  optical  constants  useful  in  the 
determination  of  minerals. 

Various  other  means  of  determining  minerals  and  rocks,  in 
which  the  microscope  is  of  more  or  less  help— for  example,™  iero- 
chemical  reactions  and  mechanical  and  magnetic  separations— are 
also  studied.  The  study  of  the  texture  of  rocks  as  seen  iu  thin 
sections,  which  indicates  their  origin  and  original  chemical 
character,  and  the  study  of  the  associations  of  minerals,  occupy 
much  time.  The  classification  and  nomenclature  of  rocks  are 
but  lightly  treated. 

Most  of  the  working  microscopes  were  made  by  Bausch  & 
Lomb  expressly  for  the  school,  but  all  the  leading  makes,  Eng- 
lish, French,  German  and  American,  are  owned  either  by  the 
school  or  instructors,  and  are  available  for  inspection.  There  is 
also  at  least  one  complete  set  of  the    more  delicate  or  less 
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important  accessories  accompanying  Fuess's  latest  and  best  micro- 
scope, e.g.,  axial  angle  attachment,  compensator,  comparateur, 
Bertrand's,  Calderon's,  Abbe's  and  Sorby's  oculars.  Bertrand's 
goniometer,  etc.  These,  as  well  as  Jannetaz's  thermal  appara- 
tus, Groth's  "Universal-Apparat,"  Wollaston's,  Hirschwald's 
Fuess's  and  other  goniometers,  reflectometers,  polariscope,  pyro- 
electric  dustsprinkler,  etc.,  are  used  for  illustration,  demonstra- 
tion and  advanced  research.  For  this  latter  it  will  be  seen  that 
there  is  ample  equipment,  and  while  the  general  course  is  strictly 
elementary,  practical  and  non-mathematical,  the  instructors  are 
ready  to  lend  students,  who  wish  more  thorough  and  extensive 
training,  all  the  help  they  need.  A  student  to  take  this  course 
must  have  completed  the  courses  in  Physics,  Crystallography, 
Mineralogy,  first  year  Chemistry  and  Lithology. 


PALEONTOLOGY. 

Db.  Lane. 

This  course  is  given  as  an  elementary  one.  It  will  begin  by  a 
review  of  the  fundamental  principles  of  Zoology  and  Botany,  for 
use  in  recognition  of  fossils.  Although  details  are  left  out,  a 
personal  handling  of  living  forms  will  be  insisted  on,  so  that  the 
knowledge  will  be  real  as  far  it  goes. 

In  Palaeontology,  certain  groups  which  yield  common  and  char- 
acteristic fossils  will  be  treated  more  in  detail.  There  is  a  small 
type  collection  of  living  forms  and  a  larger  one  of  fossils,  con- 
taining over  a  thousand  specimens,  for  the  student  to  consult. 
A  collection  of  over  fifteen  hundred  specimens,  especially 
selected  to  cover  the  commoner  fossils  of  the  whole  geological 
column,  will  be  used  to  drill  the  students  in  recognizing  fossils 
in  different  states  of  preservation,  in  assigning  them  to  their 
general  orders,  and  in  certain  cases  giving  their  generic  names. 
The  specimens  are  arranged  unlabeled  in  drawers,  for  the  stu- 
dents to  work  upon,  and  pains  will  be  taken  to  train  the  eye  to 
recognize  resemblances  and  differences.  The  practical  work  will 
be  similar  to  that  pursued  in  the  course  in  Mineralogy.  No 
particular  text  book  will  be  required.  The  library  is  well  sup- 
plied with  books  on  the  branches  covered  by  this  course:  and 
advice  on  buying  books  will  be  given  to  the  students,  according 
to  their  individual  needs. 
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STRATIGRAPHICAL  AND    HISTORICAL 
GEOLOGY. 

I)k.  Lane. 

This  will  be  in  continuation  of  the  course  in  Paleontology. 
The  formations  which  compose  the  earth's  crust  will  be  taken 
up  in  their  order,  and  their  characteristic  life  and  lithology, 
their  distribution  and  peculiarities,  will  be  described. 

The  student  will  also  be  expected,  without  using  books  forthe 
purpose,  to  assign  a  sufficient  number  of  characteristic  fossils  to 
their  periods.and  will  be  exercised  in  determining  horizons,  with 
the  help  of  Pakeontologicai  literature,  as  the  library  contains 
full  sets  of  the  New  York  and  other  state  reports  and  various 
special  works  which  may  be  used  for  this  purpose. 

Text  Book:  Archibald  Geikie's  "Text  Hook  of  Geology",  books 
V.  and  VI. 

Students  taking  this  course  must  have  completed  the  preced- 
ing work  in  Mineralogy,  Lithology,  Petrography  and  Palaeontol- 
ogy. 


PHYSICAL  GEOLOGY. 

The  Di hector. 
The  instruction  of  Physical  Geology  is  intended  to  be  espe- 
cially adapted  to  the  needs  of  the  explorer,  the  engineer,  the 
petrographer,  the  geologist,  the  miner,  the  quarryman,  and  all 
others  who  desire  to  understand  the  connection  and  the  struc- 
tural relations  that  rock  masses  have  to  one  another  and  to  the 
valuable  deposits  which  they  may  contain.  It  is  intended  to 
treat  of  the  origin  and  alterations  of  rocks,  general  volcanic  and 
earthquake  action,  metamorphism,  jointing,  faulting,  cleavage, 
mountain  building,  eruptive  rocks  and  crystalline  schists,  the 
action  of  air,  surface  and  underground  waters  and  life:  the  in- 
terior condition  of  the  earth,  etc  ,  especially  in  their  relations  to 
the  problems  that  the  economic  geologist,  miner  and  quarryman 
have  to  meet.  On  account  of  the  connection  of  the  Mining 
School  and  the  < Geological  Survey,  the  student  has  brought  be- 
fore him  constantly  the  various  problems  that  are  arising  in 
the  practical  work  in  the  survey,  and  their  methods  of  solution. 
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The  course  will  be  given  by  lectures  and  by  recitations  based 
upon  the  lectures  and  upon  Dr.  Archibald  Geikie's  "Text  Book  of 
Geology",  books  I,  II  part  1,  III,  IV  and  VII.  Students  who 
wish  to  take  this  course  must  complete  the  preceding  work  in 
Physics,  Elementary  Chemistry,  Mineralogy,  Lithology,  Petro- 
graphy and  Geology. 


ECONOMIC  GEOLOGY. 

The  Director. 

The  instruction  in  this  subject  will  be  given  by  lectures,  re- 
citations, and  practical  observations  in  the  field  and  in  the 
mines. 

The  lectures  will  treat  of  the  following  subjects: 

1  Mineral  veins  and  metalliferous  deposits:  their  classifica- 
tion, mode  of  occurrence,  and  the  theories  of  their  origin, 
special  attention  being  paid  to  irort,  copper,  gold,  silver,  lead, 
tin,  zinc,  mercury  and  manganese. 

2.  Coal,  lignite,  peat,  petroleum,  asphal turn  and  natural  gas. 

3.  Salt  and  saline  earths. 

4.  Materials  used  for  grinding,  whetting  and  polishing. 

5.  Gems  and  decorative  materials. 

6.  Building  stones  and  road-making  materials. 

7.  Lime,  cement  and  artificial  stone. 

8.  Refractory  or  fire-resisting  materials. 

9.  Clay,  sands,  etc.,  used  for  pottery,  porcelain  and  glass. 

10.  Mineral  medicines. 

11.  Pigments,  dyes  and  detergents. 

1 2.  Wat  er  and  water  supply. 

13.  Mineral  and  thermal  springs. 

Special  attention  is  given  to  the  instruction  of  the  student  in 
Mineralogy,  Petrography  and  Geology,  in  order  that  he  may  in 
after  years  understand  the  nature  of  the  deposits  upon  which  he 
may  be  at  work;  since  disastrous  mistakes  probably  occur  in  the 
practice  of  a  mining  engineer,  oftener  through  ignorance  of  the 
petrographical  and  geological  relations  of  the  ore  deposits  in 
question,  than  from  a  lack  of  engineering  or  metallurgical  skill. 

The  location  of  the  school  affords  special  advantages  for  the 
study  of  Petrography  and  General  and  Economic  Geology.  It  is 
situated  in  the  midst  of  the  vast  and  ancient  lava  flows  and  con- 
glomerates generally  known  as  the  Copper-bearing  or  Kewee- 
nawan  series.and  near  the  Eastern  or  Potsdam  Sandstone.  In  the 
immediate  vicinity  are  to  be  solved  some  of  the  most  important 
and    fundamental   problems   of  petrographical  and  geological 
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science  e.g.  the  metamorphism  or  alteration  of  rocks,  the  true 
age  of  the  so-called  Keweenawan  series,  the  relation  of  the  so- 
called  Huronian  and  Laurentian  series,  the  origin  of  the  iron 
ore,  etc.,  while  almost  every  problem  of  Geology  finds  its  illus- 
tration in  some  portion  of  the  Upper  Peninsula. 

The  instruction  in  the  various  departments  under  the  charge 
of  the  Director  is  intended  to  be  given  so  that  all  those  who 
wish  to  obtain  a  knowledge  of  the  subjects  as  a  matter  of  general 
information,  or  to  prepare  themselves  for  teachers  or  investi- 
gators, can  attend  with  advantage. 

The  opportunities  for  practical  instruction  in  Mineralogy  and 
Geology,  particularly  in  Economic  Geology,  have  been  greatly 
increased  by  placing  the  State  Geological  Survey  under  the 
charge  of  the  Director  of  the  Mining  School.  This  arrange- 
ment enables  skilled  specialists  to  be  employed  for  the  mutual 
advantage  of  both  the  School  and  the  Survey.  It  further  brings 
the  student  in  direct  contact  with  the  practical  applications  of 
Geology,  and  with  its  more  important  problems  under  discussion 
at  the  present  time.  Students  who  wish  to  take  this  course 
must  have  completed  the  preceding  work  in  Physics,  Elementary 
Chemistry,Mineralogy,Lithology,  Petrography  and  Geology.  Ex- 
ceptions in  the  requirements  in  any  of  the  above  courses  may  be 
made  in  favor  of  special  students  of  age  and  experience,  who 
would  be  benefited  by  such  exceptions  being  made. 


SUMMER  COURSE  IN  GEOLOGY. 

The  Director  and  Assistants. 

The  summer  term  of  the  third  year  is  spent  in  the  field  and 
in  the  mines,  in  the  practical  study  of  various  questions  in  Gen- 
eral and  Economic  Geology,  Mineralogy  and  Petrography. 

In  order  to  increase  the  usefulness  of  the  Mining  School  by 
enabling  persons  to  attend  upon  some  of  its  courses  of  instruc- 
tion, the  summer  courses  in  Geology,  Shop-practice  and  Survey- 
ing have  been  established.  Attendance  upon  all  these  courses 
is  obligatory  upon  all  candidates  for  a  degree  in  this  institution. 
They  are  also  open  to  persons  who  wish  to  attend  them  alone. 
The  summer  course  in  Geology  will  commence  in  July  and  con- 
tinue for  six  weeks.  The  course  consists  essentially  in  the  ob- 
servation and  discussion  of  observed  phenomena  of  the  sedi- 
mentary and  eruptive  rocks,  whether  metamorphic  or  not,  as 
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well  as  the  associated  ores  as  seen  in  the  Upper  Peninsula  of 
Michigan.  The  work  for  the  most  part  will  be  done  in  the 
vicinity  of  the  mines,  and  students  will  be  expected  to  make 
maps,  notes,  sections, -diagrams,  etc. 

As  are  the  other  courses  in  the  Mining  School,  this  course  is 
open  without  charge  to  any  one,  whether  a  resident  of  Michigan 
or  not.  It  is  hoped  that  this  course  will  be  of  practical  value  to 
all  teachers  and  others  who  wish  to  obtain  a  knowledge  of  the 
field  occurrence  of  minerals  and  rocks,  including  ores,  as  well  as 
to  see  the  various  phases  of  mining.  In  18D0  the  class  studied 
the  Lake  Superior  coast  and  adjacent  islands  north  and  south 
of  Marquette,  and  the  mines  and  adjacent  country  about  Ne- 
gaunee,  Ishpeming,  Humboldt,  Ilepublic,  Champion  and  the 
Gold  Range.  The  next  course  will  be  given  in  the  summer  of 
1892. 

Persons  desiring  to  attend  the  summer  course  in  Geology  are 
requested  to  prepare  themselves  by  studying  some  of  the  larger 
Geological  manuals,  such  as  Geikie,  Dana,  Prestwich  and 
Phillips.  Special  attention  needs  to  be  paid  to  the  depart- 
ment of  Physical  Geology,  therefore  the  works  of  Geikie  and 
Green  are  preferred.  Since  the  number  of  persons  who  can 
attend  a  field  course  in  Geology  at  one  time  and  place  is  limited, 
it  is  requested  that  all  those  who  desire  to  join  the  class  shall 
give  early  notice  of  their  wishes  to  the  Director.  All  attending 
the*  course  should  provide  themselves  with  hammers,  compasses, 
specimen  bags,  streakers,  magnifying  glasses,  small  magnets, 
etc. 

Students  in  the  Mining  School  will  not  be  allowed  to  take 
this  course  until  they  have  completed  the  preceding  courses  in 
Mineralogy,  Lithology,  Petrography  and  Geology. 


THESIS. 

Every  student  completing  the  three  years  course  is  required 
to  present  to  the  Faculty  a  satisfactory  thesis,  embodying  the 
results  of  an  investigation  upon  some  subject  related  to  the 
studies  of  that  course,  before  he  can  be  recommended  to  receive 
his  degree  Students  intending  to  graduate  in  any  year  are 
required  to  select  their  subjects  and  present  them  to  the  faculty 
for  approval  by  the  first  of  March  of  that  year, 
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ORGANIZATION. 

The  Michigan  Mining  School  is  an  institution  established  and 
supported  by  the  State,  in  accordance  with  that  liberal  educa- 
tional policy  which  has  placed  the  University  of  Michigan 
amongst  the  foremost  educational  institutions  of  America. 

The  Mining  School  is  organized  under  the  authority  of  an  act, 
approved  May  1,  188r>,  portions  of  which  are  as  follows: 

Section  \.—The  People  of  tlue  Staff  of  Michigan  enact:  That 
a  school  shall  be  established  in  the  Upper  Peninsula  of  the  State 
of  Michigan,  to  be  called  the  Michigan  Mining  School,  for  the 
purpose  and  under  the  regulations  contained  in  this  act. 

Sec.  2  —The  said  school  shall  be  under  the  control  and  man- 
agement of  a  board  of  six  members,  not  less  than  four  of  whom 
shall  be  residents  of  the  Upper  Peninsula  of  the  State  of  Michi- 
gan, who  shall  be  known  as  the  "Hoard  of  Control  of  the 
Michigan  Mining  School,"  and  who  shall  be  appointed  by  the 
Governor  of  the  State  of  Michigan,  by  and  with  the  consent  of 
the  Senate  *  *  *  *,  and  who  shall  serve  without  com- 
pensation 

Sec.  5.— The  course  of  instruction  shall  embrace  geology, 
mineralogy,  chemistry,  mining  and  mining  engineering,  and  such 
other  branches  of  practical  and  theoretical  knowledge  as  will,  in 
the  opinion  of  the  board,  conduce  to  the  end  of  enabling  the 
students  of  said  institution  to  obtain  a  full  knowledge  of  the 
science,  art  and  practice  of  mining,  and  the  application  of  mach- 
inery thereto.  Tuition  shall  be  free  in  said  institution  to  all 
bona  tide  residents  of  this  state,  but  a  reasonable  charge  for  in- 
cidental expenses,  not  less  than  ten  dollars  nor  exceeding  thirty 
dollars  per  year,  may  be  made  against  any  student,  if  deemed 
necessary,  and  the  board  shall  not  be  obliged  to  furnish  books, 
apparatus,  or  other  materials  for  the  use  of  students 

Sec.  0.— The  course  of  study,  the  terms,  and  the  hours  of  in- 
struction, shall  be  regulated  by  the  board,  who  shall  also  have 
power  to  make  all  such  rules  and  regulations  concerning  admis- 
sion, control  and  discipline  of  students,  and  such  others,  as  may 
be  deemed  necessary  for  the  good  government  of  the  Institution 
and  the  convenience  and  transaction  of  its  business 

Sec.  7.— No  debt  shall  be  contracted  beyond  or  apart  from 
the  actual  means  at  the  disposal  of  the  Institution.  The  board 
may  dispose  of  or  lease  any  property  donated  to  the  State  for 
said  School,  or  which  may  be  acquired  in  payment  of  debts  ex- 
cept of  such  as  is  necessary  for  the  accommodation  of  the 
school.  ******** 

in  conformity  with  the  above  act,  the  Michigan  Mining 
School  was  tlrst  opened  to  students  September  15th,  1886. 
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REGULATIONS  OF  THE  SCHOOL. 

Neatness,  order  and  good  government  in  a  school  of  this 
character  are  requisite,  if  the  school  is  to  maintain  credit  and 
character  both  at  home  and  abroad.  Students  that  enter  this 
institution  are  supposed  to  do  so  in  order  to  prepare  themselves 
for  their  profession,  and  like  students  in  Theological,  Law  or 
Medical  schools,  are  pre-supposed  to  understand  what  they  are 
here  for,  to  attend  strictly  to  that  business,  and  to  conduct 
themselves  as  gentlemen.  The  members  of  the  Faculty  have  no 
time  to  waste  on  primary  instruction,  nor  in  conducting  a  re- 
form school  (which  the  state  has  elsewhere  provided),  as  may 
with  propriety  be  done  by  non-professional  schools.  If  a  man 
cannot  be  a  man  and  attend  to  his  duties  as  he  should,  this  in- 
stitution has  no  place  for  him.  It  is  not  obliged  to  proceed 
further  than  to  be  satisfied  that  any  man's  presence  is  injurious 
to  the  School,  or  that  his  longer  stay  is  of  no  advantage  to  him- 
self: neither  is  it  obliged  to  deal  out  repeated  warnings,  nor  even 
any  warning.  Methods  that  are  proper,  or  that  are  in  vogue  in 
academies,  normal  schools,  and  colleges,  are  entirely  out  of 
place  in  a  professional  school  whose  students  average  over  twen- 
ty-four years  of  age. 

The  general  rules  of  the  school,  so  far  as  they  need  be  an- 
nounced to  the  general  public,  are  a^  follows: 

The  Faculty  have  full  power  to  admonish,  dismiss,  suspend, 
or  expel  any  student,  for  cause. 

Each  member  of  the  Faculty  is  held  responsible  for  the 
rooms,  apparatus,  etc.,  under  his  charge,  and  for  the  good  order 
and  discipline  of  the  students  under  his  charge. 

Each  instructor  is  required  to  be  in  attendance  during  the 
working  hours  in  his  department,  and  he  has  the  power  of  disci- 
plining or  suspending  any  student  from  his  room,  until  such 
time  as  the  case  shall  have  been  acted  upon  by  the  Faculty. 

All  absences  of  students  from  recitations,  lectures,  field  and 
laboratory  work,  are  considered  as  failures  in  recitations,  and 
are  so  ranked  unless  excused  by  vote  of  the  Faculty,  and  also 
made  up.    Tardiness  is  considered  as  a  half-absence 

Each  instructor  shall  keep  a  record  of  the  daily  work  of  each 
student  under  his  charge,  and  rank  him  on  a  scale  of  UK):  and  no 
student  shall  be  permitted  to  pass  who  has  not  obtained  an  aver- 
age of  at  least  75  in  his  daily  work. 

Examinations  shall  be  held  at  the  end  of  every  term  or,  if  de- 
sired, at  the  completion  of  each  subject,  if  falling  within  the 
term.    The  examinations  are  to  be  ranked  on  a  scale  of  100,  and 
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no  student  passed  unless  he  has  obtained  a  rank  of  at  least  75  in 
the  in.  - 

These  regulations  require  that  every  student,  in  order  to  pass, 
must  obtain  a  class  standing  of  at  least  75  on  a  scale  of  100,  in  all 
term  work,  and  also  in  all  examinations. 

The  method  of  making  up  deficiencies  in  daily  work  varies 
with  the  subject,  at  the  discretion  of  the  instructor. 

Students  having  chosen  their  course  or  subjects  are  not  al- 
lowed to  change  or  drop  any  of  their  subjects,  except  upon  peti- 
tion, and  by  vote  of  the  Faculty. 

The  rank  of  each  student  is  reported  to  himself,  or.  if  he  is  a 
minor,  to  his  parents  or  guardian,  after  the  close  of  each  term. 
With  this  is  reported  all  absences,  whether  excused  or  not,  and 
such  other  information  concerning  the  student  as  it  may  be  con- 
sidered advisable  to  report. 

Entrance  conditions  are  to  be  ma/ie  up  at  the  beginning  of  the 
winter  term  following  In  the  case  of  failure,  a  second  opportun- 
ity is  given  at  the  commencement  of  the  following  spring  term. 

Special  regulations  have  to  be  made  concerning  the  condi- 
tions received  during  the  various  terms,  owing  to  the  special  ar- 
rangement of  the  terms  and  the  work  in  this  institution. 

Conditions  received  in  any  laboratory  work  can  only  be  made 
up  at  some  subsequent  time  by  repetition  of  the  work,  when  the 
laboratory  is  open  for  work  on  the  same  subject.  This  also  ap- 
plies to  Shop-practice,  Drawing  (excluding  Topographical  Draw- 
ing) and  to  all  Field,  Mine  or  Mill  work. 

Conditions  received  on  work  (not  included  under  the  general 
head  of  lal>oratory  work)  are  to  be  made  up  as  follows: 

Conditions  received  during  the  fall  term  in  Algebra,  Trigo- 
nometry, Calculus.  Physics,  Properties  of  Materials,  Graphical 
Statics,"  Mechanics  of  Materials,  Mechanical  and  Electrical  En- 
gineering, Chemistry,  Ore  Dressing.  Metallurgy,  Stratigraphi- 
cal,  Physical  and  Economic  Geology,  are  to  be  made  up  at  the 
commencement  of  the  winter  term  following. 

Conditions  received  during  tin4  winter  term  in  Trigonometry, 
Analytical  Geometry,  Physics,  first  year  Chemistry.  Ore  Dress- 
ing and  Metallurgy  are  to  be  made  up  at  the  commencement  of 
the  spring  term  following. 

Conditions  received  during  the  winter  term  in  Plane  Survey- 
ing, Topographical  Drawing,  Hydraulics,  Physical  Geology, 
Economic  Geology  and  the  third  year  work  in  Mining,  Mechan- 
ical Engineering  and  Electrical  Engineering,  are  to  be  made  up 
at  the  opening  of  the  summer  term  following. 

Conditions  received  during  the  winter  term  in  Calculus, 
Mechanics,  Mechanism  and  in  second  year  Chemistry,  Mining, 
Mine  Surveying,  Mechanical  Engineering  and  Electrical  Engin- 
eering are  to  be  made  up  at  the  commencement  of  the  fall  term 
following. 

Conditions  received  during  the  spring  term  in  Analytical 
Geometry  are  to  be  made  up  at  the  commencement  of  the  fall 
term  following. 

Conditions  received  in  the  summer  term  in  the  theoretical 
work  in  Surveying  are  to  be  made  up  at  the  commencement  of 
the  winter  term  following. 
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The  times  at  which  the  above  examinations  will  be  held  will 
be  assigned  by  the  Faculty  at  the  opening  of- each  term. 

In  case  of  failure  on  the  part  of  any  student  to  remove  his 
conditions  at  the  specified  time,  he  will  be  allowed  another 
opportunity  at  the  commencement  of  the  next  succeeding  term 
in  which  instruction  in  the  same  study  is  given.  If  he  fails 
then,  he  will  have  to  take  the  course  in  that  subject  over  again. 
Xo  work  can  be  taken  by  any  student,  when  the  preceding  work 
upon  which  he  is  conditioned  is  considered  essential  to  its  suc- 
cessful prosecution,  except  upon  petition  and  special  vote  of  the 
Faculty. 

Any  of  the  general  regulations  of  the  school  may  be  suspended 
by  the  Faculty,  in  behalf  of  special  students  of  age  and  experi- 
ence, if  such  suspension  seems  advisable,  to  aid  said  students  in 
their  work. 

All  students  are  required  to  observe  proper  decorum,  and  to 
refrain  from  any  conduct  that  disturbs  others,  or  is  injurious  to 
the  school. 

The  attempt  of  any  student  to  present  as  his  own  the  work  of 
another,  or  to  pass  in  his  daily  work  or  examinations  by  improper 
means,  or  to  falsify  in  any  of  his  school  relations,  is  regarded  as 
a  most  serious  offence,  and  renders  the  offender  liable  to  imme- 
diate suspension  or  even  to  expulsion. 


LOCATION. 

The  school  is  located  at  Houghton,  the  county  seat  of  Hough- 
ton county.  The  twin  towns  of  Houghton  and  Hancock  lie  in 
the  sheltered  valley  of  Portage  Lake,  an  arm  of  Lake  Superior. 
The  climate  is  bracing  and  healthful.  Although  Houghton  is 
in  a  high  latitude,  yet  one  is  far  less  inconvenienced  by  the  cold 
here  than  he  much  further  south  along  the  Atlantic  coast,  or  in 
the  vicinity  of  the  lakes.  This  is  due  to  the  dryness  of  the 
Houghton  climate,  a  climate  which  is  free  from  any  malaria, 
hay  fever,  ett;.  In  general,  students  coming  from  localities 
further  south  have  found  health  and  strength  improved  by  the 
change.  The  town  has  an  abundant  supply  of  pure  spring  water. 
Houghton  is  easily  reached  by  rail  from  Detroit,  Chicago,  Mil- 
waukee, St.  Paul  and  Duluth  (a  descriptive  pamphlet  showing 
the  routes  to  Houghton  can  be  obtained  from  the  General  Pas- 
senger Agent,  D.,  S.  S.  &  A.  R'y  ,  Minneapolis,  Minn.);  and  by 
steamer  from  all  the  important  ports  on  the  chain  of  the  Great 
Lakes.  Within  the  State,  half-fare  rates  are  given  to  the  students 
of  the  Mining  School  by  the  Duluth,  South  Shore  &  Atlantic, 
and  the  Mineral  Range,  and  Hancock  &  Calumet  railways. 

While  the  school  itself  is  situated  in  the  Portage  Lake  copper 
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district,  the  access  of  the  Keweenawan  copper  district  on  the 
north  is  easy,  and  there  lie  within  comparatively  short  distances 
the  Ontonagon  copper  district,  and  the  Iron  Mining  regions  of 
Marquette,  Menominee  and  Gogebic. 

In  the  immediate  vicinity  of  the  Mining  School,  are  situated 
the  Qnincy,  Atlantic,  Franklin  and  Hnron  copper  mines,  while 
within  a  distance  of  fifteen  miles  are  situated  the  Calumet  and 
Hecla,  Tamarack.  Osceola  and  other  copper  mines,  with  their 
machine  shops,  smelting  works,  rolling  and  stamp  mills,  etc  In 
the  iron  mining  regions  lie  numerous  great  iron  mines,  promi- 
nent among  which  are  the  Cleveland.  Jackson,  Lake  Superior, 
Lake  Angeline.  Champion.  Republic,  Chapin,  Vulcan,  Cyclops, 
Colby  and  Nome. 

In  addition  to  the  copper  and  iron,  gold,  silver,  gypsum, 
building  stones,  slate,  coal,  salt.  etc..  are  numbered  among  the 
mineral  productions  of  the  State. 

Some  idea  of  the  vastness  of  the  mining  operations  "in  the 
Lake  Superior  district  can  b »  gathered  from  the  following  sta- 
tistics: It  contains  over  sixty-five  copper  mines,  which  have  pro- 
duced up  to  1890.  one  billion  three  hundred  and  twenty-seven 
million  seven  hundred  and  ninety-nine  thousand  four  hundred 
and  twenty  pounds  of  copper,  valued  at  two  hundred  and  forty- 
three  million  seven  hundred  and  six  thousand  eight  hundred 
and  nine  dollars.  The  cost  sheet  of  one  mine  alone  is  some  four 
millions  yearly,  mainly  expended  in  this  region.  One  mine  alone 
has  paid  over  thirty-five  millions  of  dollars  in  dividends,  or  over 
three  times  as  much  as  any  other  mine  now  working  in  the 
United  States,  except  one,  and  over  twice  as  much  as  that  one. 
In  the  iron  mining  districts  about  Lake  Superior,  in  Michi- 
gan, there  was  produced  in  1890  seven  million  one  hundred  and 
eighty-five  thousand  one  hundred  and  seventy-five  tons  of  iron 
ore,  or  nearly  one-half  of  all  the  iron  ore  produced  in  the  United 
States. 

The  Michigan  iron  mines  have  produced  since  their  discovery 
over  fifty  millions  of  tons  of  iron  ore. 

Michigan  is  credited  by  the  Director  of  the  Mint  with  pro- 
ducing in  1K89  gold  to  the  amount  of  seventy  thousand  dollars, 
and  silver  amounting  to  seventy-seven  thousand  five  hundred 
and  seventy-five  dollars. 

The  state  of  Michigan  is  also  the  chief  producer  of  salt  and 
gypsum  in  the  United  States. 

The  Michigan  Mining  School  has  been  located  in  the  Upper 
Peninsula  of  Michigan  for  the  same  reason  that  a  medical 
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school  should  be  in  the  vicinity  of  large  hospitals,  in  order  that 
it  should  be  associated  with  the  objects  about  whrch  it  treats. 

From  this  location  the  student  of  the  Michigan  Mining  School 
is  placed  in  a  niininfe  atmosphere,  in  which  all  his  surroundings 
and  associations  are  in  conformity  with  his  present  and  future 
work.  He  is  thus  enabled  to  see  in  actual  operation  some  of  the 
most  successful  and  extensive  mining  operations  now  conducted 
anywhere. 

The  Calumet  and  Hecla  mine  is  now  worked  at  a  depth  on 
the  lode  of  over  4,000  feet,  with  an  extent  in  length  of  about  two 
and  one-half  miles.  This  mine  is  operated  by  fourteen  shafts, 
one  of  which  is  a  six-compartment  shaft,  now  sunk  to  a  perpen- 
dicular depth  of  about  2,500  feet;  and  which  when  completed 
will  be  upward  of  5,000  feet  deep.  The  aggregate  power  of  the 
steam  plant  in  use  and  under  construction  is  some  37,500  horse 
power,  including  one  engine  of  4,700  horse  power  and  eleven 
other  engines  of  an  average  of  2,000  horse  power  each.  The 
stamp  mills  of  this  mine  contain  18  improved  Ball  steam  stamps, 
making  from  95  to  98  blows  per  minute,  and  crushing  about  4,500 
tons  of  the  rock  of  the  lode  in  twenty-four  hours.  The  three 
pumping  engines  have  an  aggregate  capacity  of  50,000,000  gallons 
in  twenty-four  hours;  while  another  triple  expansion  pumping 
engine,  now  nearly  completed,  has  alone  the  capacity  of  60,000,000 
gallons  in  twenty-four  hours.  Besides  the  two  sand  wheels  forty 
feet  in  diameter  capable  of  elevating  some  16,000,000  to  18,000,000 
gallons  of  water  and  1,600  tons  of  sand  per  day,  there  is  nearly 
completed  another  wheel  fifty-four  feet  in  diameter  designed  to 
elevate  30,000,000  gallons  of  water  and  3,000  tons  of  sand  per  day. 

The  smelting  works  of  this  mine  contain  sixteen  refining  fur- 
naces with  an  aggregate  capacity  of  224  tons  in  twenty-four 
hours.  They  also  contain  two  blast  and  two  blister  furnaces, 
etc.  All  the  other  appliances  of  this  remarkable  mine  are  com- 
mensurate to  those  above  given. 

The  Tamarack  mine  has  two  perpendicular  shafts,  one  over 
2,500  feet  and  the  other  nearly  3,000  feet  in  depth. 

The  other  mines,  mills,  smelting  works,  etc.,  are  all  well 
equipped  for  their  work,  and  every  assistance  is  given  by  their 
officers  and  men  to  aid  the  students  of  the  Mining  School  in 
studying  the  various  appliances,  under  the  direction  of  the 
Faculty  of  the  School. 
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EXPENSES. 

Under  the  act  of  organization,  the  Board  of  Control  have 
made  the  school  entirely  free,  no  charge  being  made  for  tuition 
or  incidentals,  whether  the  student  was  a  resident  of  the  state 
of  Michigan,  or  of  the  United  States,  or  not:  all  has  been  made 
free  to  the  students  fronievery  land.  Owing  to  the  fact  that  the 
expenses  of  providing  a  thorough  technical  education  in  any 
branch,  particularly  in  Mining  Engineering,  are  much  greater 
than  those  attendant  upon  a  literary  education,  it  is  possible 
that  after  a  few  more  years,  the  same  tuition  fee  will  be  charged 
non-resident  students  that  is  now  charged  students  in  most  of 
the  technical  schools  in  other  states,  while  there  will  also  be 
charged  to  all  students  the  amount  allowed  for  incidentals,  as 
specified  in  the  act  of  organization.  Should  this  change  be  made, 
due  and  full  notice  will  Ik?  given.  The  supplies  in  the  Chemical 
and  allied  Laboratories  are  furnished  the  students,  and  they  are 
required  to  pay  for  materials,  re-agents,  etc.and  for  the  use  and 
breakage  of  apparatus. 

To  insure  the  payment  on  the  part  of  the  student,  members 
of  the  third  year  class  and  special  students  in  Chemistry  are  re- 
quired, at  the  beginning  of  each  year,  to  deposit  with  the  treas- 
urer of  the  school  a  sum  of  not  less  than  $00.00.  All  other 
students  are  requi red  to  deposit  $30.00.  Any  portion  of  this 
deposit  not  used  will  be  returned  to  the  student  upon  leaving 
school,  or  at  the  end  of  each  year,  as  he  chooses.  Further,  should 
the  material  used  by  the  student  exceed  his  deposit,  anadditional 
deposit  will  be  required. 

No  supplies  will  l>e  furnished  the  student  from  any  depart- 
ment until  he  presents  a  receipt  from  the  Treasurer  showing 
that  the  required  deposit  has  been  made. 

There  are  no  dormitories  connected  with  the  school.  Ar- 
rangements are  being  made  whereby  those  who  desire  to  do  so 
can  obtain  board  and  rooms  in  private  families,  and  in  boarding 
houses,  in  Houghton  and  Hancock,  at  prices  varying  from  $10.00 
to  $25.00  per  calendar  month.  $20.00  per  month  is  under- 
stood to  be  the  standard  or  average  price.  This  is  to  include 
room,  heat  and  lights,  as  well  as  l*>ard.  Board  alone  can 
be  obtained  now  for  from  $15.00  to  $20.00  per  calendar  month. 
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The  necessary  expenses  of  the  student  may  be  estimated  as 
follows  for  each  year: 

Board,  etc.,  10*  months  (d  $16  to  $25 $168  00  to  $262.50 

Apparatus,  chemicals,  etc 25.00  to     60.00 

Books  and  Drawing  Materials 25.00  to     55.00 

Traveling  Expenses  (Excursions, Field  work, etc.)    10.00  to     60.00 
Washing 20.00  to     30.00 

Total $248.00  to  $467.50 


EMPLOYMENT. 

The  question  is  often  asked  the  officers  of  the  Mining  School 
if  they  can  promise  employment  to  students  on  graduation.  The 
only  answer  is,  that  neither  the  Mining  School  nor  any  other 
self-respecting  institution  can  make  any  such  promises.  The 
question  of  employment  depends  on  too  many  factors  to  be  pro- 
mised three  years  in  advance.  It  depends  on  the  demand  and 
the  supply,  which  are  liable  to  vary  from  year  to  year,  and  it  also 
very  largely  depends  on  a  student's  personal  "equation."  A 
thorough  hard  working  student  with  the  ability  to  command  the 
respect  of  men  and  to  manage  them,  and  to  work  harmoniously 
with  his  fellow  officers,  will  hardly  ever  fail  of  obtaining  the 
choicest  positions  that  are  open  to  him,  especially  after  having 
the  practical  work  and  experience  about  mines,  that  the  gradu- 
ates of  this  school  have. 

Education  and  training  do  not  give  qualities  to  any  man: 
they  simply  sharpen  and  develop  those  natural  abilities  that  he 
possesses,  hence  if  he  is  not  by  nature  fitted  for  a  certain  i>osi- 
tion,  he  ought  not,  and  will  not  l>e  likely,  to  obtain  it.  On  the 
other  hand,  whatever  may  be  a  man's  natural  abilities,  he  will 
not  be  likely  to  obtain  a  position  of  any  high  grade  unless  he 
has  l>een  educated  for  it,  either  in  school  or  outside— the  outside 
education  being  by  far  the  most  expensive  kind  of  education 
that  can  he  obtained. 

Slothful,  lazy  and  inefficient  students  will  not  naturally  obtain 
places  as  readily  as  the  hard-working  ones,  other  things  being 
equal.  They  certainly  will  not  be  so  recommended  the  officers  of 
the  Mining  School,  since  a  man  who  cannot  be  trusted  to  attend 
faithfully  to  his  work  when  engaged  in  obtaining  his  profession- 
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nl  training  1h  not  one  whom  it  is  safe  to  trust  with  important 
trimiiicHH  and  mining  interests. 

Students  need  to  rememher  that  their  conduct,  from  the  day 
they  enter  the  Mining  School  until  they  leave  it.  has  an  all  im- 
imrtnnt  Waring  uinm  their  future  position  and  standing. 

The  Director  of  the  Mining  School  makes  one  invariable  rule. 
i>  r.,  to  Inform  all  persons  desiring  students  or  graduates  of  this 
Hchool  of  the  defects,  as  well  as  the  virtues  of  the  candidates,  so 
far  as  he  knows  them,  believing  that  such  a  course  is  the  only 
one  that  Is  Just  either  to  the  employer,  the  student,  or  the  school. 
When  Information  is  fully  given  concerning  the  position  and  the 
desired  tpiallt  les  of  the  person  to  till  it,  pains  are  taken  to  select 
the  student  who  Is  believed  to  be  most  suitable  for  the  position. 

In  order  to  secure  the  best  future  for  themselves,  students 
are  urged  to  neglect  no  opportunities  to  inform  themselves  in 
the  practical  work  of  mining,  in  addition  to  those  opportunities 
that  the  school  affords. 

The  graduates  are  also  urged  to  turn  their  attention  to  a  field 
In  which  success  is  almost  sure  to  men  of  ability  and  energy;  to 
enter  the  mines  or  works  as  miners,  foremen,  or  in  some  other 
sulvordlnatc  capacity,  and  thoroughly  master  every  detail  from 
the  lowest  to  the  highest  work. 

It  Is  men  who  have  had  a  thorough  education,  both  in  the- 
oretical and  practical  mining,  and  who  have  worked  in  every 
grade  of  work,  that  are  even  now  sought  to  take  charge  of  our 
mine*  and  their  allied  industries.  The  future  is  for  the  man 
who  is  willing  to  commence  at  the  bottom  of  his  profession  and 
who  is  conscious  of  the  truth,  that  on  graduation  he  is  only  just 
prvparvd  to  begin  his  work, 

Tlve  graduates  of  the  s<  hool  are  urged  to  keep  the  Director 
conMautH  informed  concerning  their  positions,  salaries,  etc, 
and  ai>o  what  then  dosnvs  are,  ,n  on1,!  rthat  tho\  uu\  t*> assisted 
to  advance  M  opportunity  oiTorv 

Officer*,  oi  ttuno  ami  others  m>ir;ng  >nno\ois.  engineers, 
dranv  liismen.  t.  -n  rn<  n,  crn-r.i  Ms,  assA>  ers.  *  i  c  e!<\,  art-  rv^uesunl 
l-o  i.i^kctl'u'i!  x^^r4.>li,ii\  kii.'un  \<\\  he  I^tvcuit  #»t  the  Mining 
Scbo«.j.  x*ho  \v;],  tlvn  nsrcntu  n.i  suitable  caiul^u-s  w»  thoui. 

if  he  kUcWN   o«'  a  Co}  , 

The  ,jn,i;'T\  is  free.^ii  k>  ma.V  1a  "jvi^.to  inW-Puing  to  t»e- 
cnn  >i  .,,it  niv  i:  i  \<<\  cur,  n\u  ,-h'i  k-  ili.-»;  sch'»ti.  work  and  earn 
rueiurh  u>  )>nv  iN  it  wjc>  h\  \  he  sjirur  I  u.fr.  >.k\i  a  c  •nrst*  is  n<l 
prjtciK-;.;!.^  n>  iih  r*v..J*T  v;-h  »,,;  work,  !  ii  is  a^rtc  as  n  sh«-ii;d 
he.  Tv.,„."e>  L'u  ,  r.i.:v  aw*.  *i»l<  1  -..*•  ,»!  uu\  sl-'if  n"k  b"Wevi  r 
TslAiru;    u:u<  »!im    he   f,f;n   he       .\v  u  vj.,.;,;,,  ^t.ii^ra.  lJ*km£  ..n\v  a 
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few  studies,  one  might  be  able  to  procure  sufficient  work  to  pay 
his  way.  The  better  way  for  the  needy  student  is  either  to  at- 
tend to  his  school  and  his  labor  alternate  years,  or  else  to 
borrow  the  means  to  continue  his  education,  repaying  through 
his  increased  earning  power  after  graduation. 

The  salaries  obtained  upon  graduation  have  been  from  $540.00 
to  $1500.00,  averaging  about  $900.00  per  year.  The  lower  salaries 
were  obtained  by  students  who  had  less  practical  experience 
with  men  and  with  the  world  in  general;  these  were  obliged  to 
spend  some  time  in  acquiring  a  special  kind  of  knowledge  that 
the  Mining  School  cannot  give. 

So  far  as  known,  the  salaries  increase  after  a  varied  time  from 
SiiOO.OO  to  even  $3600.00  or  more  per  year,  averaging  about  $1200. 
All  this,  however,  is  dependent  upon  the  demand  and  supply, 
the  state  of  the  mining  industries  at  any  time,  as  well  as  on 
other  factors  that  need  not  be  mentioned. 
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PRIZES  AND  SCHOLARSHIPS. 

THE  LONG  YEAR  PRIZES. 

Through  the  liberality  of  J.  M.  Longyear,  Esq  ,  of  Marquette, 
the  following  prizes  have  lieen  offered,  as  stated  in  his  letter 
making  the  offer,  which  is  here  appended: 

Martiuette,  Michigan,  Nov.  0,  1887. 
Ciiakl.es  E.  Wkioiit,  Esq.,  Mamjujette: 

Deak  Sik-I  wish  to  offer  three  first  prizes  of  seventy-five 
dollars  ($75)  each,  and  three  second  prizes  of  fifty  dollars  (&1O) 
each,  to  be  competed  for  by  the  members  of  the  senior  class  of 
the  Michigan  Mining  School.  The  competition  to  be  by  means 
of  papers  on  three  subjects,  written  by  members  of  the  class 
and  submitted  to  the  Hoard  of  Control  for  examination,  in  such 
a  manner  and  at  such  a  time  as  the  Hoard  may  determine.  I 
desire  subjects  selected  with  a  view  of  producing  papers  which 
will  be  of  practical  use  in  developing  the  mineral  resources  of 
the  state  of  Michigan.  I  should  like  something  which  would  lie 
of  service  to  the  average  woodsman  or  explorer,  and  suggest  the 
subjects  of  Practical  Field  Geology,  and  the  use  of  the  Dial  and 
the  Dip  Compass  in  explorations,  leaving  the  selection  of  the 
third  subject  to  the  judgment  of  the  Hoard.  If  this  offer  is  ac- 
cepted and  there  are  two  or  more  papers  on  each  subject  sub- 
mitted, I  will  pay  seventy-five  dollars  to  each  of  the  writers  of 
the  three  papers  which  may  be  awarded  the  first  prize,  and  fifty 
dollars  to  each  of  the  writers  of  the  three  papers  which  may  be 
awarded  the  second  prizes. 

I  would  suggest,  however,  that  in  case  only  two  papers  are 
submitted,  that  the  Hoard  reserve  the  right  of  awarding  only 
one  prize,  in  case  such  action  should  seem  advisable.  In  case 
only  one  paper  should  be  submitted,  I  should  like  the  Hoard  to 
exercise  its  judgment  in  awarding  a  prize.  It  is  my  desire  to 
publish  the  papers  under  the  writer's  names,  in  pamphlet  form, 
for  distribution  among  miners,  explorers,  land  owners,  and 
others. 

Yours  very  truly, 

J.  M.  LONG  YEAR. 

In  conformity  to  the  above  letter,  the  Hoard  of  Control  have 
decided  upon  the  following  subjects  and  conditions: 

SUBJECTS. 

1.  Field  Geology:  its  Methods  and  their  Applications. 

2.  The  Dial  and  the  Dip  Compass  and  their  Uses. 

3.  The  Diamond  Drill  and  its  Uses. 
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CONDITIONS. 

The  conditions  under  which  the  prizes  are  to  be  awarded  are 
as  follows: 

The  papers  for  this  year  are  to  be  presented  by  September 
30th,  1891;  and  for  the  following  year  by  September  30th,  1892. 

A  student  may  present  a  paper  upon  each  of  the  three  sub- 
jects, which  will  entitle  him  to  three  prizes,  if  his  papers  are 
found  worthy. 

The  dissertations  must  be  written  in  a  clear,  legible  hand, 
or  type-written,  on  letter  paper,  quarto  size.  The  sheets  are  to 
be  securely  fastened  together,  written  one  side  only,  and  a  mar- 
gin of  not  less  than  one  inch  left  all  around,  in  order  that  the 
dissertation  may  be  bound  if  desired. 

The  title  page  is  to  have  upon  it  an  assumed  name,  and  each 
dissertation  is  to  be  accompanied  by  a  sealed  envelope  bearing  the 
same  name.  This  envelope  must  contain  the  writer's  true,  as 
well  as  assumed,  name  and  address,  and  it  will  not  be  opened 
until  the  awards  have  been  made. 

No  prizes  will  be  awarded  unless  the  papers  are  judged  by  the 
committee  to  whom  they  are  referred  to  be  of  a  sufficiently  high 
standing  to  be  entitled  to  a  prize;  hence  there  may  be  awarded 
all,  part  or  none  of  the  prizes,  as  the  case  may  be. 

These  prizes  can  now  be  competed  for  by  any  students  of  the 
school,  whether  special  or  regular,  without  restriction  to  the 
graduating  class,  as  was  originally  specified. 
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THE  CHARLES  E.  WRIGHT 
SCHOLARSHIP. 

The  Charles  E.  Wright  Scholarship  has  heen  founded  by  Mrs. 
Carrie  A.  Wright,  of  Ann  Arbor,  in  accordance  with  the  condi- 
ditions  expressed  in  the  letter  given  below: 

To  the  Honorable  Board  of  Control  of  the  Michigan  Mining  School: 

Gentlemen.— In  memory  of  my  husband,  the  late  Charles  E. 
Wright,  and  as  a  token  of  the  deep  interest  he  had  in  the  Michi- 
gan Mining  School,  I  desire  to  give  to  said  school  the  sum  of  one 
thousand  dollars. 

If  said  gift  shall  be  accepted,  it  is  to  beheld  under  the  follow- 
ing conditions,  to- wit:  It  is  to  be  invested  as  a  permanent  fund 
by  the  Board  of  Control,  to  form  the  nucleus  of  a  scholarship  to 
be  known  as  the  Charles  E.  Wright  Scholarship.  The  income  is 
to  be  given  to  some  indigent  student,  by  vote  of  the  Board  of 
Control,  with  the  advice  and  consent  of  the  faculty  of  said  school. 

The  award  is  to  be  made  during  the  first  term  of  the  year  to 
some  student  who  has  a  satisfactory  record  during  the  entire 
preceding  year  in  the  Michigan  Mining  School,  and  who  intends 
to  devote  himself  to  the  profession  of  Mining  Engineering  or 
Geological  work.  The  income  is  to  be  divided  into  three  equal 
parts,  to  be  paid  during  the  three  terms  of  the  year,  and  if  at 
any  time  the  conduct  or  standing  of  the  student  receiving  the 
award  should  become  unsatisfactory,  the  portion  then  remain- 
ing unpaid  should  be  withheld  from  him  and  given  to  some 
other  student,  in  accordance  with  the  terms  of  this  gift. 

(Signed)  CARRIE  A.  WRIGHT. 
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THE  NORRIE  SCHOLARSHIP. 

The  fund  for  this  scholarship  has  been  given  in  accordance 
with  the  conditions  stated  below,  and  it  is  expected  that  the  in- 
come from  this  scholarship  will  be  available  in  1891  and  1892. 

This  scholarship  will  be  awarded  in  accordance  with  Mr. 
Norrie's  requirements  as  given  below: 

Know  all  men  by  these  presents,  That  I,  A.  Lanfear  Norrie,  of  the 
city  of  New  York,  hereby  give,  grant,  assign  and  set  over  unto 
the  Michigan  Mining  School,  of  Houghton,  Michigan,  and  to 
Peter  White,  D.  H.  Ball  and  J.  M.  Longyear,  of  Marquette, 
Michigan,  as  trustees,  the  sum  of  five  thousand  dollars  ($5,000), 
lawful  money  of  the  United  States. 

The  conditions  of  this  gift,  and  upon  which  this  fund  is  to  be 
taken,  are,  that  the  said  trustees  shall  invest  the  same  upon 
bond  and  mortgage  in  the  village  of  Marquette,  or  of  the  city  of 
Detroit,  in  the  State  of  Michigan,  or  in  the  city  of  Milwaukee, 
in  the  State  of  Wisconsin,  or  in  the  city  of  Chicago,  in  the  State 
of  Illinois,  upon  unencumbered  improved  real  estate. 

That  one-half  of  the  income  of  said  sum  of  $5,000  shall  be  paid 
yearly  by  said  trustees  unto  the  Board  of  Control  for  the  support 
of  some  student  whose  father  has  worked  in,  or  in  some  way  been 
connected  with  mining  operations  in  the  Upper  Peninsula  of 
Michigan,  who  shall  be  designated  by  the  faculty  of  said  school; 
and  the  remainder  of  said  income  shall  be  accumulated  and  in- 
vested as  said  principal  shall  be  invested,  and  that  this  fund 
with  its  accumulations  shall  be  the  basis  of  a  larger  fund  to  be 
obtained  from  other  contributions,  amounting  to  at  least  one 
hundred  thousand  dollars  ($100,000),  to  be  used  for  the  erection 
of  a  dormitory  building  for  the  use  of  such  students  as  shall  be 
designated  by  said  faculty,  which  building,  when  erected,  shall 
be  under  the  exclusive  control  of  the  corporation  or  Board  of 
Control  of  the  said  Michigan  Mining  School. 

This  gift  is  to  the  said  trustees  and  their  successors  forever, 
for  the  benefit  of  the  said  Mining  School.  In  case  of  the  death 
of  either  of  the  said  trustees,  the  survivors  or  survivor  shall  ap- 
point a  successor  or  successors. 

When  the  erection  of  said  building  shall  be  commenced,  after 
the  said  fund  of  one  hundred  thousand  dollars  is  obtained,  the 
sum  hereby  given,  with  all  its  accumulations,  shall  be  paid  over 
to  the  said  Mining  School,  for  the  purpose  aforesaid. 

Witness  my  hand,  the  80th  day  of  January,  1890. 

A.  LANFEAR  NORRIE. 
Witness,  T.  E.  O.  M.  Stetson. 

We,  Peter  White,  D.  H.  Ball  and  J.  M.  Longyear,  the  persons 
named  in  the  above  instrument,  accept  the  trust  therein  grant- 
ed, in  all  re8pects,and  agree  to  comply  with  the  conditions  there- 
of. 

Witness  our  hands,  the  1st  day  of  February,  1890. 

PETER  WHITE, 

D.  H.  BALL, 

J.  M.  LONGYEAR. 
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THE  LOXGYEAR  FUND. 

T\.*   I>   a    f."-I  •?    f."»«'M-   ,r '-*-    f-r  v.-     ;*~:ir   !v*-ii   by 

Mr.  J.  M.  Li  r-T-ar.  ■*  *!--  F-  .ird  •  f  *  •  C'i-  .»..!*-  rr;.-  -  -  p- 
•*r*.y  of  rh»r  Mu/./nt.",.  %.  *»*-  ..  ar-d  r  <*x*  ■  ._**  "f  ^u:«I 
-*c:v-i  r.r.at  n.iv  -♦-  :-- tr;.*!*»  •*  '- /  rr^  Tr.\L--;*^r  -i*vl  I>.r> --t- 
or.  *a:*i  v.:**:-::!-*  V!^^  ur.a:  ."  v  ^..i  ..'j..^  :L»*:r  •*■:.  cation 
wifh  ni*r  -cfi'-A  w.tom:  ^.  "~  a -I  TiS  n-  n«*y  >  n*»c  to  l»e 
a  crift  to  ^h^  4Ti;d-ar.  0.;r  h»-  >  t«  ra~  :t  b.i»*£  as  -^--Pi  a-  pra»*f  i- 
car*.*:  a*?**r  srrad.Ja'"-*.-  A  fvr  f^  ;m  :*.*.:".  n.  inr^r^t  ».il  U» 
ch^r^-d  h.m  f<  r  rr.*-  tlrnt  thr-**  v-  ar*  a:  ->  :**r  *>  :«:.  aL  J  f-»r  tue 
fo!.owi.Mf  tw<-  y»  ar>  at  7  n«*r  *^u*.  Tl>-  ai'-r-v  a:.. I  r..  •  interest 
ar**  fo  go  to  rh*-  frir,d.  ti»a:«i  «.rh*.r  ^T*;d-*i.*^  in  rty  -sini**  way. 
Thi-  m-rh««d.  it  U  ^li^-v-d.  wi;:l.  ad  th-  <t;  l -r^  to  a  more 
man.;*  f^»r.:iig  than  a  trift  «n;rr:^,i1t  w  -;Jl  pn  d  ;•*»*  in  h:ru.  since 
it  g:  *.*♦-**  him  th*-  n^-an^of  paving  f-T  hi>"wn  ^l:-~aU»'n.  a->Kts 
him  wh**n  h*  ni'^-t  n--wN  a^>S:au<**.  and-  ■  r:a M*^  hint  to  return 
the  nr.n*-v  to  aid  oth~r*.  at  a  trn  ■  w>-n  h  •  ran  v*-^t  d  •<  ».  It  is 
believed  that  it  w»-u.d  U*  r»'f  r.'T  if  all  f*rid>  irivvn  to  th«i  school 
for  intvMment  and  u-^.  *h  >u!d  i«*  a»vo:npanied  by  *»n»e  proviso 
That.  a  certain  portion,  at  b-a^t.  of  the  in«*o:ue  <h:ill  W  paid  or 
vf  anid* .  to  iri'T»-a^  Th- [»riri<-:[-ul  until  it  ^haM  attain  a  limit 
eirh«r  fixed  or  b-ft  To  thn  pr  *\»-r  ;i'i*Ii*»rir i»^»  to  d*ft>rmine. 
MH-h  a  method  would  «>nahi^  th**  institution  in  the  future  to  do 
much  more  good,  tlian  it  would  if  th*-  in«*otue  were  to  be  spent 
entirely  ea*h  y»  ar. 

Th«-  -^*h^>oI  is  in  jrnat  nt'*tl  of  fun<l<  to  aid  students  who  are 
oth'-rwi>e  unable  to  obtain  an  education,  or  to  attend  this  insti- 
tution. A  id  of  thi->  kind  is  fr*<|Urnt!y  sousrht  hyahle  and  worthy 
youn^  m**n.  and  all  is  done  that  can  be  with  the  limited  means 
at  the  command  of  the  school  to  aid  them. 


DEGREES. 

Students  who  entered  the  regular  course  in  the  Mining  School 
during  the  school  year  1&S9-1H),  or  prior,  on  completion  of  a  course, 
similar  to  that  given  them,  as  shall  l>e  specified  by  the  Faculty, 
will  have  conferred  upon  them  the  degree  of  Bachelor  of  Science 
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Such  students  may  afterward  obtain  the  degree  of  Mining  En- 
gineer, by  returning  to  the  school  and  completing  the  three 
years  xxmrse;  or  else  upon  application  to  the  Board  of  Control 
and  Faculty,  and  upon  presentation  of  satisfactory  evidence  of 
two  years  successful  practical  work,  and  of  a  suitable  thesis  in 
some  line  co-ordinate  with  their  course  of  study  in  this  school. 

The  thesis  must  be  on  an  original  investigation  undertaken 
in  Mining,  Mechanical  or  Electrical  Engineering,  Chemistry, 
Metallurgy,  Mineralogy,  Petrography,  Geology,  or  in  some  allied 
subject  that  shall  belong  within  the  objects  of  this  institution, 
and  it  must  be  approved  by  the  Faculty. 

Students  who  complete  the  present  course  of  three  years  and 
present  a  satisfactory  thesis,  will  receive  the  degree  of  Mining 
Engineer  or  Engineer  of  Mines  (E.  M.).  The  thesis  must  con- 
form to  the  requirements  given  above,  and  must  be  completed 
and  approved  by  the  Faculty,  before  that  body  will  recommend 
that  the  degree  of  Mining  Engineer,  or  Engineer  of  Mines,  be 
conferred  upon  the  student. 

For  higher  degrees  see  Graduate  Instruction  and  Degrees. 


GRADUATE  INSTRUCTION  AND 
DEGREES. 

Students  who  are  graduates  of  this  or  other  institutions  will 
be  admitted  as  special  students  to  take  any  study  taught  in  this 
school,  or  to  take  special  graduate  instruction. 

Those  who  wish  to  become  candidates  for  a  higher  degree 
will  enter  under  the  following  terms: 

Students  who  are  graduates  of  this  institution,  or  of  others 
of  similar  grade,  whose  course  shall  be  approved  by  the  Faculty, 
will  be  admitted  as  candidates  for  the  degree  of  Doctor  of  Philos- 
ophy. In  order  to  attain  this  degree  they  must  pursue  for  at 
least  two  years  an  advanced  course  of  study  in  subjects  germane 
to  the  undergraduate  course  in  this  institution,  which  course  of 
study  is  to  be  approved  by  the  Faculty. 

One  of  the  years  of  study  may,  in  special  cases,  be  spent  else- 
where, and  the  work  accepted,  on  sufficient  proof  of  its  thorough- 
ness and  high  character,  as  the  equivalent  of  one  year's  work 
spent  here.  But  under  no  condition  will  the  degree  be  given, 
unless  one  year  at  least  is  spent  as  a  resident  worker  at  this 
institution.  . 
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Students  who  are  both  graduates  of  this  or  of  an  equivalent 
professional  school,  and  also  of  some  college  or  university  whose 
course  of  study  is  accepted  by  the  Faculty,  may  be  admitted  to 
the  degree  of  Doctor  of  Philosophy,  after  taking  for  at  least  one 
year  an  approved  course  of  study  at  this  institution. 

The  degree  of  Doctor  of  Philosophy  will  only  be  given  in 
case  the  student  shall  have  shown  marked  ability,  power  for 
original  investigation,  has  passed  a  satisfactory  oral  public  exam- 
ination, and  presented  a  thesis  embodying  the  result  of  original 
investigation,  which  has  been  approved  by  the  faculty. 

Students  who  are  graduates  of  this  or  of  other  institutions 
having  a  satisfactory  equivalent  course,  and  who  shall  have  pur- 
sued here  according  to  the  above  regulations,  a  successful  course 
of  study,  for  the  degree  of  Doctor  of  Philosophy,  may  at  the 
same  time  receive  the  degree  of  Mining  Engineer,  if  said  degree 
has  not  t>een  conferred  on  their  previous  graduation. 


COLLECTIONS. 

For  the  purpose  of  illustration  and  study  a  number  of  col- 
lections have  been  provided  for  the  use  of  the  students: 

Invertebrate  Zoological  collection 1,000  specimens. 

Palieontological   collections 2,600  specimens. 

Mincralogical  collections 27,000  specimens. 

Lithologtcal  and  Geological  collections 11,000  specimens. 

State  Geological  Survey  collections 6,500  specimens. 

besides  the  above,  there  are  collections  of  palaeontological 
charts,  metallurgical,  geological  and  petrographical  diagrams, 
geological  models,  maps,  etc. 

Collections  of  slags,  metallurgical  products,  materials  for  il- 
lustration in  economic  geology,  as  well  as  some  exhibition  col- 
lections, have  been  commenced, and  all  persons  who  can  are  urged 
to  contribute  to  the  school  collections  of  minerals,  rocks,  vein- 
stones, ores,  slags,  metallurgical  products,  samples  of  building 
stories,  machinery,  tools,  etc.,  and  models,  photographs  and 
prints  of  the  same,  etc. 

In  the  case  of  the  mineral  products  used  in  arts  and  manu- 
factures, it  is  desired  to  procure  specimens  showing  the  various 
stages  i  n  the  processes  of  manufacture.  It  is  especially  important 
for  the  school  to  receive  and  preserve  sets  of  cores  from  drill  holes, 
samples  of  ores  from  every  mine,  with  specimens  of  the  associated 
gangue  minerals  and  rocks,  as  well  as  of  the  walls  and  associated 
country  rooks. 
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LIBRARY. 

The  Library  of  the  School  contains  at  present  7,649  volumes 
besides  numerous  pamphlets,  and  additions  are  constantly  made 
to  it.  It  is  proposed  not  only  to  have  a  good  reference  library  for 
student  work,  but  also  one  that  shall  be  as  complete  as  possible 
upon  the  subjects  taught  in  the  school.  It  is  especially  desired 
to  have  a  full  set  of  all  reports  and  works  relating  to  the  mining 
and  other  mineral  industries  of  the  districts  bordering  on  Lake 
Superior.  It  is  also  hoped  to  make  the  library  valuable  for  ref- 
erence, both  for  practical  and  scientific  men;  and  it  is  freely 
open  to  all  who  desire  to  consult  it. 

In  addition  to  the  school  library,  the  scientific  library  of  the 
Director  is  deposited  in  the  school  building,  and  can  be  used  by 
students  and  others.  This  library  is  especially  devoted  to 
Crystallography,  Mineralogy,  Petrography  and  General  and 
Economic  Geology. 

Contributions  of  pamphlets,  papers,  maps  and  books  on  sub- 
jects germane  to  those  taught  in  this  institution  are  solicited 
for  the  Mining  School  Library.  Plans,  drawings  and  engravings 
relating  to  mines,  mining  machinery  and  metallurgy  are  desired. 

It  is  hoped  to  make  the  library  very  full  in  files  of  the  differ- 
ent journals  published  in  the  mineral  regions;  and  contributions 
of  present  and  past  numbers  of  such  journals  are  solicited  for 
the  library,  to  aid  in  making  it  a  complete  depository  of  mater- 
ials relating  to  the  history  of  the  Lake  Superior  region. 

READING  ROOM. 

Connected  with  the  library  is  a  Reading-Room  which  is  sup- 
plied with  the  following  periodicals: 
Acta  Mathematica,  Stockholm. 
American  Chemical  Journal,  Baltimore. 
American  Engineer,  Chicago. 
American  Geologist,  Minneapolis. 
American  Journal  of  Mathematics,  Baltimore. 
American  Journal  of  Science,  New  Haven. 
American  Machinist,  New  York. 
American  Naturalist,  Philadelphia. 
Annalen  der  Physik  und  Chemie,  Leipzig. 
Annalen  der  Physik  und  Chemie,  Beiblatter,  Leipzig. 
Annales  de  Chimle  et  de  Physique,  Paris. 
Annales  lndustrlelles,  Paris. 
Annales  de  la  Soctete*,  Geologlquc  de  Belgique,  Liege. 
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Annates  des  Mines,  Paris. 

Annales  des  Ponts  et  Chaussees,  Paris. 

Annales  des  Sciences  Geologiques,  Paris. 

Annals  of  the  New  York  Academy  of  Science,  New  York. 

Annals  of  Mathematics,  University  of  Virginia. 

Archiv  der  Mathematik  und  Physik,  Leipzig. 

Berg-  und  Hiittenmaennische  Zeitung,  Leipzig. 

Berg-  und  Hiittenmaennisches  Jahrbuch,  Vienna. 

Berichte  der  Deutschen  chemischen  Gesellschaft,  Berlin 

Builder,  London. 

Bulletin  of  the  American  Iron  and  Steel  Association,   Phila- 
delphia. 

Bulletin  of  the  Philosophical  Society,  Washington. 

Bulletin  de  la  Soci^te*  Chiinique  dc  Paris. 

Bulletin  des  Sciences  Math£matiques,  Paris. 

Bulletin  de  la  Societe  Frangaise  de  Mine>alogie,  Paris. 

Bulletin  de  la  Societe*  Geologique  de  France,  Paris. 

Bulletin  de  la  Soctfte'  Math^matique  de  France,  Paris. 
"Calumet  Conglomerate,  lied  Jacket,  Michigan. 
"Calumet  and  Red  Jacket  News,  Calumet,  Michigan. 

Chemical  News  and  Journal  of  Physical  Science,  London. 

Chemiker  Zeitung,  Cothen,  Germany. 

Chemische  Industrie,  Berlin. 

Civilingenieur,  Leipzig. 

Colliery  Engineer,  Scranton,  Pa. 

Comptes  Rendus,  HelKloniadai res  des  Stances  de  TAcad^mie 
des  Sciences,  Paris. 

Connecticut  Academy  of  Arts  and  Sciences,  Transactions, 
New  Haven. 
♦Current,  Norway,  Michigan. 

Daily  Mining  Journal,  Marquette,  Michigan. 

Dingler's  Polyteehnisches  Journal,  Stuttgart. 
♦Diamond  Drill,  Crystal  Falls,  Mich. 

Education,  Boston. 

Electrical  Engineer,  New  York. 

Electrical  Engineer,  London. 

Electrical  World,  New  York. 

Electrician,  London. 

Elektrotechnische  Zeitschrift,  Berlin. 

Engineer,  New  York. 

Engineer,  London. 

Engineering,  London. 

Engineering,  New  York. 


♦Gift  of  the  Publishers. 
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Engineering  and  Mining  Journal,  New  York. 

Engineering  News  and  American  Railway  Journal,  New  York. 

Essex  Institute  Bulletin. 
♦Florence  Mining  News,  Florence,  Wis. 

G^nie  Civil,  Paris. 

Geological  Magazine,  London. 

Industries,  London. 

Iron,  London. 

Iron  Age,  New  York. 
♦Iron  Ore,  Ishpeming,  Mich. 

Jahres-Bericht  der  Chemischen  Technologie,  Leipzig. 

Jahresbericht  iiber  die    Fortschritte   der    Cheraic,    Braun- 
schweig, Germany. 

Jahrbuch  fiir  das  Berg-  und  Hiittenwesen,  Freiberg. 

Jahrbuch  der  kaiser!  ich-kbniglichen  geologischen  Reichsan- 
stalt,  Vienna. 

Jahrbuch  der  Koniglich  Preusseschen  geologischen    Lande- 
sanstalt  and  Bergakademie,  Berlin. 

Jahrbuch  iiber  die  Fortschritte  der  Mathematik,  Berlin. 
♦Johns  Hopkins  University  Circulars. 

Journal  of  Analytical  and  Applied  Chemistry,  Easton,  Pa. 

Journal  of  the  Chemical  Society,  London. 

Journal  of  Education,  Boston. 

Journal  of  the  Franklin  Institute,  Philadelphia. 

Journal  of  the  Geological  Society,  London. 

Journal  of  the  Iron  and  Steel  Institute,  London. 

Journal  des  Math£matiques  Pures  et  Appliquees,  Paris. 

Journal  fiir  die  reine  und  angewandte  Mathematik,  Berlin. 

Journal  de  Pharmacie  et  de  Chimie,  Paris. 

Journal  de  Physique  Thdorique  et  Appliquee,  Paris. 

Journal  fiir  praktische  Chemie,  Leipzig. 

Journal  of  the  Society  of  Arts,  London. 

Journal  of  the  Society  of  Chemical  Industry,  London. 

Journal  of  Useful  Inventions,  New  York. 

Justus  Liebig's  Annalen  der  Chemie,  Leipzig. 

Knowledge,  London. 

Kritischer  Viertel jahresbericht  iiber  die  Berg-&  Iliittenman- 
nische  und  verwandte  Literatur,  Freiberg. 
♦Lake  Superior  Democrat,  Ishpeming,  Mich. 
♦L'Anse  Sentinel,  L'Anse,  Mich. 

London,  Edinburgh  and  Dublin  Philosophical  Magazine  and 
Journal  of  Science,  London. 

Lumiere  l&lectrique,  Paris. 

•Gift  of  the  Publishers. 
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1    Manufacturer  and  Builder,  New  York. 

Mathematical  Magazine,  Washington. 

Mathematischc  Annalen,  Leipzig. 

Memoirs  of  the  American  Academy  of  Arts  and  Sciences, 
Boston. 

Memoirs  of  the  Boston  Society  of  Natural  History. 

Michigan  Copper  Journal.  Hancock,  Mich. 

Michigan  School  Moderator,  Lansing,  Mich. 

Mineralogical  Magazine  and   Journal  of  the  Mineralogical 
Society,  London. 

Mineralogische  und  Petrograpische  Mittheilungen,  Vienna. 

Mining  Journal,  Railway  and  Commercial  Gazette,  London. 

Mining  and  Scientific  Press,  San  Francisco. 
•Mining  and  Scientific  Review,  Denver. 

Mining  World  and  Engineering  Record,  London. 
•Montana  Mining  Review,  Helena,  Montana. 

Nature,  London. 

Neues  Jahrhuchfiir  Mineralogie.  Geologie  und  Palaxmtologie, 
Stuttgart. 

Nouvelles  Annates  de  Mathematiques,  Paris. 

Oesterreicbische    Zeitschrift   fur  Berg-   und    Huttenwesen, 
Vienna. 
♦Official  Gazette  of  the  U.  S.  Patent  Office,  Washington. 
•Ontonagon  Herald,  Ontonagon,  Mich. 
•Ontonagon  Miner,  Ontonagon.  Mich. 

Petermann's  Mittheilungen  aus  Justus  Perthes'  geograph- 
ischer  Anstalt,  Gotha. 

Philosophical  Transactions  of  the  Royal  Society  of  London. 
•Pick  and  Axe,  Bessemer,  Mich. 

Popular  Science  Monthly,  New  York. 

Portage  Lake  Mining  Gazette,  Houghton,  Mich. 

Proceedings  of  the  Academy  of  Natural  Sciences*  Philadelphia. 

Proceedings  of  the  American  Academy  of  Arts  and  Sciences, 
Boston. 

Proceedings  of  the  American  Association  for  the  Advance- 
ment of  Science.  Salem,  Massachusetts. 

Proceedings  of  the  Boston  Society  of  Natural  History,  Boston. 

Proceedings  of  the  Institution  of  Civil  Engineers,  London. 

Proceedings  of   the    Institution  of  Mechanical    Engineers, 
London. 

Proceedings  of  the  Geologists*  Association,  London. 

Proceedings  of  the  London  Mathematical  Society. 

Proceedings  of  the  Royal  Geographical  Society  and  Monthly 

•Gift  of  the  Publishers. 
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Record  of  Geography,  London. 

Proceedings  of  the  Royal  Society  of  London. 
•Publishers'  Weekly,  New  York. 

Quarterly  Journal  of  the  Geological  Society,  London. 

Quarterly  Journal  of  Pure  and  Applied  Mathematics,  London. 

Railroad  and  Engineering  Journal,  New  York. 

Report  of  the  British  Association  for  the  Advancement  of 
Science,  London. 

Revue  Universelle  des  Mines,  de  la  M^tallurgie,  Paris. 

School  of  Mines  Quarterly,  New  York. 

Science,  New  York. 

Scientific  American,  New  York. 

Scientific  American  Supplement,  New  York. 

Sitzungsberichte   der   kaiserlichen  Akademie   der    Wissen- 
schaften,  Vienna. 

Sitzungsberichte  der  koniglich  preusslschen  Akademie  der 
Wissenschaften  zu  Berlin. 

Stahl  und  Eisen,  Dusseldorf. 

Technologists,  Paris. 
•Torch  Lake  Times,  Lake  Linden,  Mich. 
•Transactions  of  the  American  Institute  of  Mining  Engineers, 
New  York . 

Transactions  of  the  American  Society  of  Civil  Engineers, 
New  York. 

Transactions  of  the  American  Society  of  Mechanical  Engin- 
eers, New  York. 

Transactions  of  the  Manchester  Geological  Society,  Manchester 

Transactions  of  the  North  of  England  Institute  of  Mining 
Engineers,  Newcastle-upon-Tyne. 

Transactions  of  the  Royal  Society  of  Canada,  Montreal. 

Transactions  of  the  Royal  Society  of  Edinburgh. 

Transactions  of  the  Academy  of  Science,  St.  Louis. 

Verhandlungen  der  k.  k.  geologischen  Reichsanstalt,  Vienna. 

Washington  Philosophical  Society,  Bulletin. 

Zeitschrift  fur  analytische  Chemie,  Wiesbaden. 

Zeitschrift  fur  das  Berg-  Hiitten-  u.  Salinen-  wesen,  Berlin. 

Zeitschrift  der  Deutschen  geologischen  Gesellschaft,  Berlin. 

Zeitschrift  fur  Krystallographie  und  Mineralogie,  Leipzig. 

Zeitschrift  fur  Physikalische  Chemie,  Leipzig. 

TEXT  BOOKS. 

In  1890-1891  the  following  text-books  were  used: 
Olney's  University  Algebra. 
•Gift  of  the  Publishers. 
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Davies's  Surveying,  revised  by  Van  Amringc.  t 

Johnson's  Surveying,  1*91. 

Atkinson's  Ganot's  Physics. 

Peck's  Mechanics. 

Wentworth's  Analytical  Geometry. 

Peck's  Practical  Calculus. 

Greene's  Graphical  Analysis  of  Roof  Trusses. 

Merriiuan's  Mechanics  of  Materials. 

Merrinian's  Hydraulics,  1890. 

Ilichter's  Inorganic  Chemistry. 

Smith  and  Keller's  Laboratory  Notes. 

Eliot  and  Storer's  Qualitative  Analysis. 

Yolhard  and  Zimmerman n's  Experiments  in  General  Chem- 
istry. 

Fresenius's  Qualitative  Analysis,  London  Edition. 

Fresenius's  Quantitative  Chemical  Analysis,  by  O.  I).  Allen 
and  S.  W.  Johnson. 

Greenwood's  Steel  and  Iron. 

Smith's  Electro-Chemical  Analysis. 

E.  S.  Dana's  Text-book  of  Mineralogy. 

A.  Geikie's  Text-lx>ok  of  Geology. 

Williams's  Applied  Geology. 

Peters's  Modern  American  Methods  of  Copper  Smelting. 

Kunhardt's  Art  of  Ore  Dressing. 

Holmes's  Steam  Engine. 

Goodeve's  Mechanism. 

Slingo  and  Brooker's  Electrical  Engineering. 

EXAMINATION  QUESTIONS  FOR  ADMIS- 
SION TO  THE  MINING  SCHOOL.    . 

ARITHMETIC. 

1.  (1).    Draw  a  line  a  decimeter  long  and  divide  it  into  centi- 

meters. 
(2).    What  is  the  fundamental  unit  of  length  in  the  metric 
system. 

2.  (1).    Describe  the  units  of  capacity  and  of  weight  in  the 

metric  system. 
(2).    Draw  a  cubic  centimeter,  a  cubic  decimeter. 

3.  (1).    Multiply  t  by  I  and  explain  the  process. 
(2).    Divide  £  by  ^  and  explain  the  process. 

4.  Change  the  common   fractions  to   decimals    in   question 

3,  and  perform  the  operations  there  required. 
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5.  (1).    B  lost  5  per  cent  by  selling  a  hektoliter  of  turpentine 

which  cost  $15.    For  what  did  he  sell  it  a  liter"? 
(2).    If  copper  sells  for  30  cents  per  kilogram,  and  the  seller 
makes  40  per  cent  on  the  cost,  after  deducting  10  per 
cent  from  his  asking  price,  what  was  the  asking  price? 

6.  (1)    Having  sold  a  consignment  of  goods  on  three  per  cent 

commission,  the  agent  was  instructed  to  invest  the  pro- 
coeds,  after  deducting  his  commission  of  2  per  cent.  His 
whole  commission  was$265.  What  amount  did  he  invest? 
(2)  If  copper  stock  pays  8  per  cent  on  the  par  value,  at 
what  price  must  it  be  purchased  to  pay  10  per  cent  on 
the  cost. 

7.  (1)    What  is  the  interest  of  $10941.20  for  1  yr.  7  mo.  and 

28  days  at  4f  per  cent. 
(2).    What  sum  of  money,  invested  at  <U  per  cent,  will  pro- 
duce $279,815.00  in  1  yr.  and  6  mo. 

8.  (I)    A  ship's  chronometer,  set  at  Greenwich,  points  to  5  h. 

40min.  20  sec.  p.m.  when  the  sun  is  on  the  meridian; 
what  is  the  ship's  longitude? 
(2)  A  steamer  arrives  at  Halifax,  OP  3'3'  west  at  4  h. 
30  min.  p.  m.;  the  fact  is  telegraphed  to  New  York  with- 
out loss  of  time.  The  longitude  of  New  York  b^ing  74^ 
1'  west,  what  is  the  time  of  the  receipt  of  the  telegram? 

9.  Extract  the  square  root  of  58.140625,  of  .0000310909. 
lO.     Extract  the  cube  root  of  10400353203,  of  .00:1148^77. 


ALGEBRA. 

1.  Add  a— 2b+c,  4— 3b— c+2d,  4d— 3c— a,  7c— a— d;  and 
subtract  c— 2b+a  from  the  same. 

2.  ( 1 ) .    Multiply  x6+  x5  y-  x3y 8+  xy5+yc  by  x2-xy+y2. 
(2).    Divide  y8— 2b4y4+b8by  y3+by2+b2y+b3. 

3.  ( 1 ).    Fi  nd  the  factors  of  324  a4  b2—64b6,  of  j^+y2— y— 1   and 

of  y7+l. 

(2).    Prove  that  x  m— 1  is  exactly  divisible  by  x— 1,  m  being 
a  positive  integer, 
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4.  (1).    What  is  the  sum  of - -  - L and 

z  (x— y)(x— z)  (y— z)(y— x) 

(z— x)(z— y). 

(2.)    Extract  the  square  root  of  4  a2+9b2+16  c2— 12ab 
—24  bc+16ac 

5.  (1).    Extract  the  square  root  of  30+12  ^67 

(2).  Solve  ^  —  ^p  +  -~^  ~  ^~=°>  and  explain  the 
transformations  necessary  for  the  solution. 

6.  (1).    Solve  x2+px+q=0  and   give  the  conditions  under 

which  the  roots  are  real  and  unequal,  real  and  equal,  im- 
aginary, also  when  are  they  equal  numerically  with  op- 
posite signs. 

(2).  What  is  the  sum  of  the  two  roots  of  the  preceding 
equation?    What  is  their  product? 

7.  (1).    Solve    a-  3+  ^3x+4+  /x+2=0. 

(2).  Find  the  values  of  x  and  y  in  the  independent, 
simultaneous  equations  x+y=27  and    x3+y3=5103. 

8.  Find  the  6th  and  the  15th  terms  of  (x— y)25,  reducing 
the  numerical  results  to  their  prime  factors  and  not 
performing  the  multiplications-. 

0.  (1).  Prove  that,  if  the  corresponding  terms  of  two  pro- 
portions be  multiplied  together  or  divided  by  each 
other,  the  result,  in  either  case,  is  a  proportion. 

x+z 
(2).    If  a:b=x:y=z:q,  Prove   that  a:b=yr() 

lO.  (1).  Find  the  sum  of  ten  terms  of  the  series  1,  8,  5, 7,  etc.; 
Also  the  sum  of  the  entire  series,  27,  9,  3,  1,  i,  etc. 

(2).  Under  the  influence  of  a  force  </,  assumed  to  be  con- 
stant, a  body  falls  to  the  earth  from  a  height  h  and 
rebounds  one-half  this  distance,  it  then  falls  again 
to  the  earth  and  again  rebounds  one-half  the  last  dis- 
tance fallen,  and  so  continues  its  motion;  find  the  entire 
distance  fallen  and  the  time  of  falling  this  distance* 
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PLANE  GEOMETRY. 

Demonstrate  the  following  propositions: 

1.  The  sum  of  the  angles  of  any  plane  triangle  is  equal  to 
two  right  angles. 

2.  Show  that  each  angle  of  an  equiangular  pentagon  is  ~  of  a 
right  angle. 

3.  In  the  same  or  in  equal  circles,  angles  at  the  center  have 
the  same  ratio  as  their  intercepted  arcs.     (Two  cases.) 

4.  An  inscribed  angle  is  measured  by  one-half  the  intercept- 
ed arc.    (Three  cases.) 

5.  Two  triangles  are  similar  when  an  angle  of  •  the  one  is 
equal  to  an  angle  of  the  other,  and  the  sides  including  these 
angles  arc  proportional. 

6.  When  a  line  is  divided  in  extreme  and  mean  ratio,  the 
greater  segment  is  one  side  of  a  regular  decagon  inscribed 
in  a  circle  whose  radius  is  the  given  line. 

7.  Similar  palygons  are  to  each  other  as  the  squares  describ- 
ed on  their  homologous  sides. 

8.  The  square  described  upon  the  hypothenuse  of  a  right 
triangle  is  equivalent  to  the  sum  of  the  squares  described  upon 
the  other  two  sides. 

9.  (Problem)  Given  the  perimeters  of  a  regular  inscrilied 
and  a  similar  circumscribed  polygon,  to  compute  the  perimet- 
ers of  regular  inscribed  and  circumscribed  polygons  of  double 
the  number  of  sides. 

10.    (Problem)    To  compute  the  ratio  of  the  circumference  of 
a  circle  to  its  diameter. 


SOLID  AND  SPHERICAL  GEOMETRY. 

Demostrate  the  following  propositions: 

1.  If  a  straight  line  is  perpendicular  to  each  of  two  straight  lines 
at  their  intersection,  it  is  perpendicular  to  their  plane. 

2.  If  two  triedral  angles  have  the  three  face  angles  of  the 
one  equal,  respectively,  to  the  three  face  angles  of  the 
other,  the  corresponding  dicdral  angles  are  equal 
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3.  Two  triangular  pyramids  having  equivalent  bases  and 
equal  altitudes  are  equivalent. 

4.  The  frustum  of  a  triangular  pyramid  is  equivalent  to  the 
sum  of  three  pyramids  whose  common  altitude  is  the  alti- 
tude of  the  frustum,  and  whose  bases  are  the  lower  base, 
the  upper  base  and  a  mean  proportional  between  the  bases 
of  the  frustum. 

5  In  two  polar  triangles,  each  angle  of  one  is  measured  by 
the  supplement  of  the  side  lying  opposite  to  it  in  the  other. 

6.  The  sum  of  the  angles  of  a  spherical  triangle  is  greater 
than  two  and  less  than  six  right  angles. 

7.  The  area  of  a  spherical  triangle,  expressed  in  spherical 
degrees,  is  numerically  equal  to  the  spherical  excess  of  the 
triangle. 

8.  The  area  of  a  zone  is  equal  to  the  product  of  its  altitude 
by  the  circumference  of  a  great  circle. 

').    (Problem).    To  find  the  volume  of  a  spherical  segment. 
10.    (Problem).    To   find  the  volume  of  that  part  of  a  sphere 
lying  outside  of  a  chord  revolved   parallel  to  its  diameter 
and  at  a  constant  distance  from  it. 


ELEMENTARY  PHYSICS. 

1.  (1)     rpon  what  property  do  most  of  the  characteristic  pro- 

perties of  matter  depend. 
(2)    Name  three  general  and  five  characteristic  properties  of 
matter. 

2.  (1)    Name  and  define  the  three  states  of  matter. 
(2)    (Jive  Newton's  laws  of  motion. 

3.  (1)    Define  work  and  energy,  give  the  formula  for  the  cal- 

culation of  kinetic  energy  from  weight  and  velocity. 
(2)    (five  the  laws  of  freely  falling  bodies. 

4.  (1)    How  prove  that  the  atmosphere  has  weight? 

(2)    What  is    the  object  of  experiments    in   the  study  of 
physics? 

5.  (1)     Diagram  and  explain  the  operation  of  the  hydrostatic 

press. 
(2)    Define  specific  gravity  and  describe  the  experiments 
necessary  to  determine  the  specific  gravity  of  an  irregular 
solid.    If  the  specific  gravity  of  copper  is  8.9,  what  is  the 
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volume,  in  cublic  centimeters  of  a  mass  of  this  metal 
which  weighs  3.2  pounds  ? 

6.  (1)    What  is  the  mechanical  equivalent  of  heat?  To  what  is 

the  heat  of  a  body  due?    Do  the  atoms  or  the  molecules  of 
a  body  set  either  themselves  or  one  another  in  motion? 
(2)    Give  your  idea  of  force.    What  is  sound?    What  are  the 
properties  of  a  musical  note?    Diagram  and  explain  the 
phonograph  and  the  telephone. 

7.  (1)    Explain  the  ways  in  which  heat  may  be  transmitted. 

Give  some  of  its  principal  sources  and  effects.  Change  — 40° 
F.  to  C.    Upon  what  does  the  boiling  point  depend? 
(2)    Define  light.    What  constitutes  the  difference  between 
light  and  heat?  Between  the  different  colors?  What  is  the 
velocity  of  light  ?  Of  sound  in  the  air,  at  the  tempera- 
ture 0°  C? 
8   (1)    Give  the  laws  of  magnets.    Give  the  laws  of  currents  of 
electricity.    Explain  Ampere's  theory  of  the  magnet.  How 
may  magnets  be  made  ? 
(2)    Describe  the  experiments  and  the  results  obtained  by 
the  use  of  a  galvanometer,  a  primary  coil,  a  secondary  coil, 
a  battery  and  a  magnet.    Tabulate  the  results. 

9.  (1)    Give  Ohm's  law.     Define    ohm,  volt,  ampere.     Draw 

diagrams  showing  how  to  connect  cells  in  series  and  in 
arc  or  abreast.  If  a  Bunsen  cell  has  an  electromotive  force 
of  1.8  volts  and  internal  resistance  of  .9  ohm,  show  how  to 
connect  ten  such  cells  to  get  the  greatest  current,  the  ex- 
ternal resistance  being  100  ohms? 
(2)  Give  some  of  the  principal  uses  of  electric  currents.  Ex- 
plain how  such  currents  are  produced  by  a  dynamo? 

10.  (1)    What  constitutes  the  difference  between  the  operation 

of  a  dynamo  and  that  of  an  electro-motor? 
(2)     In  charging  a  storage  battery,  what  is  stored  up  in  it? 
What  is  meant  by  "the  conservation  of  energy  ?" 


ASTRONOMY. 

1  What  is  the  general  structure  of  the  Solar  System,  and 
what  is  the  physical  constitution  of  the  sun  and  its  sur- 
roundings? 

2.  What  is  the  physical  constitution  and  special  character- 
istics of  the  inner  group  of  planets,  including  the  moon? 
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3.  What  are  the  physical  constitution  and  characteristics 
of  the  outer  group  of  planets? 

4.  What  are  the  aspects,  forms  and  physical  constitution 
of  the  comets,  meteors  and  shooting  stars. 

5.  What  are  nebula?;  new,  variable  and  double  stars,  and 
upon  what  evidences  are  the  views  concerning  them  based? 

6.  How  are  stars  located  in  the  heavens?  What  are  de- 
clination, right  ascension,  hour  angle,  latitude,  longitude? 
and  what  are  the  six  parts  of  the  Polar  triangle? 

7.  I>escrU>e  the  four  kinds  of  time  giving  the  maximum 
variations  between  them.  How  is  the  longitude  of  a  place 
determined? 

8.  What  is  the  general  structure  of  the  universe? 

9.  State  clearly  the  Nebular  Hypothesis,  and  give  the 
evidence  upon  which  it  is  based? 

10.    Give    the   general  phenomena   of  the    tides,  their  causes 
and  laws. 


BOOK-KEEPING. 

Explain  the  use  ofday«U*»k.  journal  and  ledger,  and  state 
the  rules  for  entering  transactions  in  them. 

What  is  a  trial  balance,  and  what  is  the  process  of  mak- 
ing one? 

Is  a  trial  balance  an  al**>lute  check?  State  reasons  for 
your  answer. 

State  the  rules  for  crediting  and  debiting  bills  payable 
and  bills  receivable. 

In  addition  to  questions  of  the  above  character,  a  record 
of  supposed  transactions  is  given  to  the  candidate  to  enter  in 
the  proper  manner  in  the  different  books,  and  he  is  required 
to  make  his  own  rulings. 
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BUILDINGS. 

The  main  buildipg  now  occupied  by  the  Mining  School  was 
completed  by  the  state  in  1889,  at  a  cost  of  $75,000.  The  build- 
ing is  constructed  of  Portage  Entry  sandstone,  with  a  tile  roof. 
It  is  heated  and  ventilated  by  steam,  having  two  large  boilers 
for  heating,  and  an  extra  boiler  for  driving  machinery. 

The  larger  part  of  the  site  and  grounds  were  donated  to  the 
school  by  the  Honorable  Jay  A.  Hubbell,  to  whom  the  organiza- 
tion of  the  school  is  chiefly  due.  The  building  has  a  large  and 
independent  supply  of  spring  water,  sufficient  for  all  its  present 
needs. 

The  main  building  is  109  feet  by  53  feet,  with  a  wing  37  feet  by  25 
feet.  The  interior  portion  of  the  building  has  been  arranged  so  as 
to  save  the  greatest  amount  of  space  possible  for  the  laboratories 
and  working  rooms,  consistent  with  safety  to  the  structure  and 
proper  light.  The  halls  have  been  reduced  to  a  minimum.  The 
plans  of  the  four  floors  arc  appended:  The  basement  floor  is 
used  for  a  Boiler  Room,  Weighing  Room,Metal  and  Wood-Working 
Shops,  and  Assaying  Lalx)ratory.  The  first  floor  contains  the 
Director's  Room,  Reading  Room,  Library,  and  Laboratories  of 
General  and  Economic  Geology,  Petrography  and  Mineralogy. 
On  the  second  floor  are  situated  the  Mathematical  and  other 
Kecitation  Rooms,  together  with  the  Laboratories  for  Physics, 
Drawing,  Surveying  and  Mining  Engineering.  The  third  floor 
is  devoted  to  the  Chemical  Laboratories,  Chemical  Lecture 
Room,  Chemical  Supply  Room,  Balance  Room,  etc. 

During  the  Spring  of  1889  the  Legislature  of  the  State  of 
Michigan  appropriated  $104,000  for  the  furnishing  of  the  new 
building,  and  for  the  expenses  of  the  school  for  1889-90.  Under 
the  provisions  of  that  appropriation  the  Board  of  Control  has 
equipped  the  various  laboratories  of  the  building,  purchased 
collections,  machinery,  books,  periodicals,  etc. 

A  well  appointed  Stamp  Mill  and  Ore  Dressing  Works  com- 
pletes the  buildings  belonging  to  the  Mining  School. 
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Plan  of  School  Building. 
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GRADUATES,   1888. 


NAME.  RESIDENCE  AND  OCCUPATION. 

Harris,  Joiin  Luther,  S.  B Quincy. 

Assistant     Mining     Engineer, 
Quincy  Mine. 


Long  year,  Edmund  Joseph,  S.  B.Mesabi,  Minnesota. 

Explorer. 


Parnell,  Sam'l  Alexander,  S.B  Ishpeniing. 

Chief  Mining  Engineer,  Cleve- 
land and  Iron  Cliffs  Mining 
Company. 

Parnall,  William  Edward,  S  B.Ithaca. 

Electrical  Englnecring,Cornell 
University. 

Reid,  William  Joseph,  S.  B Ishpeming. 


Seager,  James  Benjamin,  S.  B. .  .Hancock. 

Mining  Engineer  and  Chemist, 
Tyler's  Forks  Mine  and  Lake 
Superior  Redstone  Company. 

Uren,  William  John,  S.  B Hancock. 

Civil  Engineer,  Mineral  Range 
and  Hancock  and  Calumet 
Railroads,  and  County  Sur- 
veyor, Houghton  County. 
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GRADUATES,   1889. 


NAMB.  RESIDENCE  AND  OCCUPATION. 

Crozk,  Walter  Wilfred  Jos.,  S.B.  .Negaunee. 

Chief  Mining  Engineer,  Jack- 
son Iron  Company. 


Farwell,  Paul,  S.  B Pueblo,  Colorado. 

Assistant  Chemist,  The  Phila- 
delphia Smelting  and  Refin- 
ing Company. 

*Fesino,  Herman  William,  S.  B..Iron  Mountain. 

Mining  Engineer  and  Chemist. 
Hamilton  Ore  Company. 

♦Haas,  Jacob,  S.  B Houghton. 

Civil  Engineer. 


Hoatson,  John,  S.  B Butte  City. 

Assistant  Mining  Engineer  and 
Assayer,  Butte  and  Boston 
Company. 

Pryor,  Reginald  Ch apple Houghton. 

Civil  Engineer. 


•See  Graduates  of  1890  for  the  second  degree. 
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GRADUATES,   1890. 


NAME.  RESIDENCE  AND  OCCUPATION. 


Daniell,  Jositua,  S.  B Opechee. 

Assistant  Mining  Engineer. 
Tamarack.  Osceola  and 
Kearsarge  Mines. 

Drake,  Frank,  S.  B Negaunee. 

Chief  Mining  Engineer,  Schles- 
inger  Mining  Company. 

Fbsing,  Herman  Wm.,  S.  B.,  E.  M  .Iron  Mountain. 

Mining  Engineer  and  Chemist, 
Hamilton  Ore  Co. 


Haas,  Jacob,  S.  B.,  E.  M Houghton. 

Civil  Engineer. 


Hodgson,  William  Adams,  S.  B. ..  Houghton. 


Sutton,  Linton  Beach,  S.  B Palmer. 

Mining  Engineer  and  Chemist, 
Volunteer  Mine. 


Wakefield, Arthur  Albert,  S.B..  Milwaukee,  Wis. 
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CALENDAR. 


1890-1891. 


Pall  Term  commences  Monday  morning,  September  15, 1890. 

Registration  of  Students,  9:10  a.  m.  Monday,  Mining  Engineer- 
ing Room,  Second  Floor. 

Exercises  commence  for  the  two  upper  classes,  10  a.  m.  Monday. 

Examinations  for  admission  and  advanced  standing  commence 
10  a.  m.'  Monday. 

November,  Thanksgiving  Recess,  Wednesday  noon  until  Monday 
morning. 

Fall  Term  ends  Friday  evening,  December  19,  1890. 
Recess  of  two  weeks. 

Winter  Term  commences  Monday  morning,  January  5,  1891. 

Winter  Term  ends  Friday  evening,  April  10,  1891. 
Recess  of  nine  days. 

Spring  Term  commences  Monday  morning,  April  20,  1891. 

Spring  Term  ends  Friday  evening,  May  29,  1891. 
Summer  recess. 

Summer  course  in  Surveying  commences  Monday  morning,  June 
29,  1891. 

Summer  course  in  Surveying  ends  Friday  evening,  September  11, 
1891. 

Fall  recess. 

Fall  Term  commences  Monday  morning,  September  14,  1891. 
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CALENDAR. 


1891-1892. 


Fall  Term  commences  Monday  morning,  September  14, 1891. 
Registration  of  Students,  9:10  a.  m.  Monday,  Mining  Engineer- 
ing Room,  Second  Floor. 
Exercises  commence  for  the  two  upper  classes,  10  a.  m.  Monday. 
Examinations  for  admission  and  advanced  standing  commence 

10  a.  m.  Monday. 
November,  Thanksgiving  Recess,  Wednesday  noon  until  Monday 

morning. 
Fall  Term  ends  Friday  evening,  December  18,  1891. 

Recess  of  two  weeks. 
Winter  Term  commences  Monday  morning,  January  4. 1892. 
Winter  Term  ends  Friday  evening,  April  8,  1892. 

Recess  of  nine  days. 
Spring  Term  commences  Monday  morning,  April  18,  1892. 
Spring  Term  ends  Friday  evening,  May  27, 1892. 

Summer  recess. 
Summer  course  in  Surveying  commences  Tuesday  morning,  July 

5,  1892. 
Summer  course  in  Surveying  ends  Friday  evening,  September  16, 

1892. 
Summer  shop  practice  begins  Monday  morning,  July  25,  1892. 
Summer  shop  practice  ends  Friday  evening,  September  16,  1892. 
Summer  course  in  Field  Geology  begins  Monday  morning,  July 

25,  1892. 
Summer  course  in  Field  Geology  ends  Friday  evening,  September 

2,  1892. 

Fall  recess. 
Fall  Term  commences  Monday  morning,  September  19, 1892. 
Fall  Term  ends  December  28,  1892. 
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Board  of  Control. 


B0AK1)    OF    CONTROL    OF    THE 
MIKING    SCHOOL. 


1891-1892. 

Term  Expire*. 

Hon.  Jay  Abel  Hubbell,  Houghton June  9,  1898 

Hon.  Michael  Chambers,  St.  Ignace .June  9,  1898 

John  Monroe  Longyear,  Marquette June  9,  1895 

Alfred  Kidder,  Marquette June  9,  1895 

James  Renrick  Cooper,  Hancock June  9,  1897 

Preston  Carpenter  Firth  West,  Calumet June  9,  1897 


OFFICERS     OF    THE     HOARD    OF 
CONTROL. 


President  of  the  Board  of  Control, 
Hon.  JAY  ABEL  HUBBELL. 

Secretary  of  the  Board  of  Control. 
ALLEN   FORSYTH  REES. 

•Director  of  the  Mining  School, 
MARSHMAN    EDWARD  WADSWORTH. 

t  Treasurer  and  Purchasing  Agent  of  the  Michigan   Mining 

School, 
ALLEN  FORSYTH   REES. 


•  All  letters  of  inquiry,  application*  for  catalogue*,  admission,  etc.,  should 
be  sent  to  the  Director. 

♦  All  communications  concerning  purchase*,  hijls,  etc.,  should  be  sent  to 
the  Treasurer. 


Michigan  Mining  School. 


BOARD    OF     VISITORS    TO     THE     MIXING 
SCHOOL. 


Sept  7th,  1891,  to  Sept  5th,  1892. 

Hon.   DAVID  AUGUSTUS  HAMMOND.  Charlotte,  Chairman. 

Hon.  PERRY  FRANCIS  POWERS,  Cadillac. 

SAMUEL  EMORY  WHCTNEY,  Detroit. 


Sept.  5th,  1893  to  September  4th,  1893. 

Prof.   MORTIMER    ELWYN  COOLEY,   Ann   Arbor.  Chairman. 

EDWARD  LEROY  PARM  ENTER,  Vulcan. 

HIGH  BROWN,  Lansing. 
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BOARD     OF     THE     GEOLOGICAL     SURVEY 
OF    MICHIGAN. 


1890-1892. 

Hon.  EDWIN  BARUCH  VVINANS, 
Governor  of  the  State  of  Michigan,  President  of  the  Board. 

Hon.  FERRIS  SMITH  FITCH, 
Superintendent  of  Public  Instruction,  Secretary  of  the  Board. 

Hon.  SAMUEL  S.  BABCOCK, 
President  of  the  State  Board  of  Education. 


Michigan  Minintj  School. 


OFFICERS    OF    THE    MICHIGAN    MINING 

SCHOOL    AND   OF    THE    STATE 

GEOLOGICAL    SURVEY. 


Marshman  Edward  Wads  worth,  A.  B.  (Bowdoin  College) 

A.  M.,  Ph.  D.  (Harvard  University). 

Director  and  State  Geologist, 

Professor  of  Mineralogy,  Petrography  and  Geology. 

George  Augustus  Koexig.  M.  E.  (Polytechnikuni,  Karlsruhe 

A.  M..  Ph.  D.  (University  of  Heidelberg). 
Professor  of  Chemistry,  and  Chemist  on  the  Geological  Survey. 

Lucius  Lee  Hubbard,  A.  B.  (Harvard  University),  LL.  H. 

(Boston  University),  A.  M  ,  Ph.  D.  (University  of  Bonn  J. 

Assistant  in  Mineralogy,  and  on  the  Geological  Survey. 

Arthur  Edwin  Haynes,  M.  S..  M.  Ph.  (Hillsdale  College), 
Professor  of  Mathematics  and  Physics. 

Horace  Bushxell  Patton.  A.  B.  (Amherst  College;, 

Ph.  D.  (University  of  Heidelberg), 

Instructor   in  Mineralogy  and    Petrography,   and    Assistant   ou  the 

Geological  Survey. 

Alfred  Church  I^ane,  A.  M.,  Ph.  D.  (Harvard  University), 

Instructor    in    Petrography    and    Geology,    and    Assistant    on    the 

Geological  Survey. 

Edgar  Kidwell,  A.  M.,  (Georgetown  University),  M.  E.  (University 

of  Pennsylvania). 

Professor  of  Mechanical  and  Electrical  Engineering. 

Fred  Fraley  Sharpless,  S.  B.  (University  of  Michigan), 
Professor  of  Metallurgy,  and  Chemist  on  the  Geological  Survey. 

Fred  Warner  Denton*.  C.  E.  (Columbia  College  School  of  Mines), 

Professor  of  Civil   and   Mining   Engineering,  and  Assistant  on  the 

Geological  Survey. 


Officers  of  the  Michigan  Mining  School. 

Walter  John  Baldwin,  S.  B.  '(University  of  Michigan), 
Assistant  in  Surveying. 

Carroll  Livingston  Hoyt,  M.  E.  (Cornell  University). 
Instructor  in  Mechanical  Engineering  and  Drawing. 

Arthur  Edmund  Seaman, 
Assistant  in  Mineralogy,  and  on  the  Geological  Survey. 

Erwin  Huntington  McDonald, 
Assistant  in  Surveying. 

Robert  Irwin  Rkes, 
Librarian  and  Clerk. 

John  Bone  Watson, 
Draughtsman  for  the  Geological  Survey. 

Alexander  Craig, 
Assistant  in  the  Machine  Shops. 


Henry  Gibbs, 
Janitor  and  Supply  Clerk. 

Patrick  Robert  Dillon. 
Engineer  and  Assistant  Janitor. 

Miss  Kate  Killian, 
Stenographer  and  Typewriter  for  the  Mining  School. 

Miss  Helen  Mary  Ryan, 
Stenographer  and  Typewriter  for  the  Geological  Survey. 

John  Brimacombe, 
Janitor's  Assistant. 


Michigan    Mini  tig  School. 


FACULTY  OF  THE  MINING  SCHOOL. 


Marshma*  Edward  Wadsworth,  A.  M.,  Ph.  D.t  Director. 
Professor  of  Mineralogy,  Petrography  and  Geology. 

(tBOROK  Augustus  Koexig,  M.  E.,  A.  M..  Ph.  D.t 
Professor  of  Chemistry. 

Arthur  Edwin  Hayxks,  M.  S.,  M.  Ph.. 
Professor  of  Mathematics  and  Physics,  Secretary  of  the  Faculty. 

Edgar  Kidwrll,  A.  M.,  M.  E., 
Professor  of  Mechanical  and   Electrical  Engineering. 

Frsd  Fralky  Sharpless,  S.  B.. 
Professor  of  Metallurgy. 

Frsd  Warner  Denton.  C.  E., 
Professor  of  CxtU  and  Mining  Engineering. 


REGISTER   OF   STUDENTS 
FOR  THE  SCHOOL  YEAR,  1891  1892. 


(irmluith  Situ  fan  h. 


(I  R  A  I)  U  A  T  E     S  T  V  I)  E  N  T  S . 


Name.  Residence.  Room. 

Bailey,  Charles  Emerson,  a.  B. 
(Marietta  College), 
Mineralogy.  Qnincy  Mine,  Hancock. 

Mr.  Bailey's. 

Basadre,  Gorge,  E.  M. 
(School  of  Mines,  Lima, 

Peru). 
Assaying  and  Ore  Dress- 
ing. Tacna,  Peru. 

Mr.  K.  R.  Penberthy's. 

B088ERT,  Otto  Henry,  E.  M. 

Chemistry.  Milwaukee,   Win. 

Dengler,  Theodore,  E.  M. 

Chemistry.  Chicago,  III. 

Fink,  Edward,  E.  M. 

Chemistry.  Milwaukee,  Witt. 

Joyce,  Charles  Francis,  8.  B. 
(University  of  Wisconsin). 
Chemistry  and  Assaying.  De  Pere,  Wis. 

Lawton,  Charles  Latham,  S.  B. 
(Michigan  Agricultural  Col- 
lege). Palmer. 

Butterfleld  House. 

O'Brien,  William  Jamek.  A.  B. 
(Detroit  College), 
Chemistry.  Detroit. 

Bank  Building. 


Mrs.  Rice'H. 


Mr.  Cameron'*. 


Mrs.  E.  M.  Hoar's. 
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CLASS     OF     1892. 


Name. 
Col  well,  Alfred  Bundy, 

Roper,  Leverett  Smith, 


Residence.  Room. 

Ajypletoitj  Win., 

Mrs.  Douglas*'* 


Inhpeming, 


Mrs.  Douglass's. 


Glass  of  189S. 


11 


CLASS    OF     18  9.3. 


Name. 

Abbott,  Ai  Arthur,  S.  B.  (Mich- 
igan Agricultural  College), 

Church,  George  Batchrlor, 

Cranbon,  Robert  Edward, 

Fisher,  James, 

Gillies,  Donald, 

Harrington,  Frederick  Luce, 

Kirk,  Marcus  Eugene, 

McDonald,  Erwin  Huntington, 

Mason,  Russell  Teal, 

Oppkn,  William  Adolph, 

Shattuck,  Horace  Volney, 

Silltman,  Arthur  Parks,  B.  L. 
(University  of  Wisconsin), 

Tower,  Louis  Lovrll, 

Trrngove,  Samuel  Reed, 


Residence 

Holt 

Flint. 

St.  Johns, 

Hancock. 

Lake  Linden. 

Port  Huron. 

Sturgis. 

Mrs.  J.  Thomas's. 
Lyon  Mountain,  N.  Y. 

Bntterfleld  House. 
Boulder,  Col. 

Keweenaw  Club. 
Milwaukee,  Win. 

Mr.  Penberthy's. 
Adrian. 

Mrs.  E.  M.  Hoar's. 


Room. 

Mrs.  P.  Didier'a. 

Mrs.  Alford's, 

Rev.  W.  R.  Cross's. 

Mr.  Fisher's. 

Mrs.  Alford's 

Mrs.  E.  M.  Hoar's. 


Hudson,   Wis. 

Ionia. 

Tjake  Linden. 


Waters,  Albert  Latcha,  S.  B. 

(Michigan  Agricultural  College),    Spring  Lake. 


Watson,  John  Bone, 


Opechee. 


Mrs.  Burrows. 
Mrn.  Rire*H. 
Mr*.  Brimaoombe'*. 

Keweenaw  riub. 
Mrs.  Brimacombe'ti. 


IS 
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rLASS     OF     18  1U. 


Mane. 

ashbacgh,  lkw1k  ecokxe, 
Barstow,  George  Mitchell, 

BBCLR,   FRKD  JOSEPH, 

burball,  frkdrbick  pw'k, 

Cameron,  Donald, 

Corbigan,  John  Alexander. 

DrsPBE,  Elmer  Whipple, 

Rby,  John  Henry,  B.  A.  (Franklin 
and  Marshall  College). 

Harris,  John  Mortimkr. 

Harvey,  Jambs  M.,  Jr., 

Harvey,  William  Arthur, 

Jambs,  Houghton  Edward, 

Jones,  Maurice  Lixdlry. 

Kampe,  Wesley  Edward,  a.  ft, 
B.  a  (Hanover  College). 

Knight,  John  Alexander, 

KntcHEN,  John  George, 

Logbxin.  Lewib  Cass, 


Residence.  Room. 

Hillsdale. 

Professor  Haynes's. 
Detroit. 

Mrs.  Bird's. 
Lake  Linden. 

Mis*  Kelly's. 
Battle  Creek. 

Keweenaw  (Inb. 
St.  Ismix. 

Mr.  T.  Haver's. 
Cleveland,  Oft  to. 

Daltmeyer  Block. 
Grand  Rapid*. 

Mr.  Hummel's. 

Lanea&ter.  Phi. 

Mr.  Hnnunel*8. 
Lake  Linden. 

Mrs.  Brimacombe's. 
Constantino. 

Butterfleld  Hoot*. 
Toronto.  Canada. 

Mr.  J.  E.  Edwards's. 
Houghton. 

Mrs.  James's. 
Benton  Harbor. 

Keweenaw  Club. 


Madison,  Ind. 

Ionia. 

Lake  Linden 


Mrs.  Dallmeyer's. 

Professor  Haynea**. 

Miss  Kelly's. 
North  Adams. 

Professor  Haynes's. 


Name. 

McCauley,  James. 


Clas*  of  1891  13 

Room. 


McCormick,  Edward  Patrick, 
MacFarlane,  George  Campbell, 
McGrath,  Michael, 
Mason,  Clarence  George, 
Moore,  Carlton  Franklin, 
Newton,  Lee  Luke, 
Parks,  Henry  James, 
Peipfer,  Philip, 
Ridley,  Frederick  William, 
Kiedinger,  Lewis  Edward, 
Kourke,  Jerry, 
Seeley,  Burton  Tyndall, 
Stringham,  Joseph,  Jr., 
Sullivan,  Dennis, 
Williams,  Bert  Henry, 
Wraith,  William, 


Residence. 
Hancock. 

Mr.  McCauleyV* 
Calumet. 

Mrs.  Burrowa's. 
Bay  City. 

Mrs.  Raahleigh'h. 
Hancock. 

Mr.  McGrath's, 
Hancock. 

Mr.  Mason's. 
Marquette. 

Mr.  Sparling's. 
Lake  Linden. 

Mi***  Kelly's. 
Lake  Linden. 

Miss  Kelly's. 
Ijake  Linden. 

Mn.  P.  Didier'a. 
Newcantle-on-Tyne,  England. 

Mrs.  E.  M.  Hoar's. 
Marquette. 

Mr.  PenboVtbyV. 
Hancock. 

Mr.  Rourke's. 
Genesee  Township. 

Mr.  Sparling'*. 
Saginaw. 

Rev.  AV.  R.  Crop's. 
Lake  Linden. 

Mrs.  Burrowa'n. 
Cluimpion. 

Mr.  Ormsby's. 
Xetvcastle,  Col, 

Mrs.  DallmeyerV. 
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SPECIAL    STUDENTS. 


Name.  Reaideuce. 

Bawdkn,  William  Edward, 

Mathematics,  Physics  and  Draw- 
ing. Bessemer,, 


Room. 


Mr.  Stringer's. 


Benson,  John  Sydney, 
Chemistry. 

Birnham,  Matthew  Howard, 

Mineralogy,  Chemistry  and   Met- 


Wardner,  Idaho. 

Keweenaw  Cliih. 


allurgy. 

Corgan,  Will  John, 
Mathematics. 

Corby,  Andbew  Van, 
Assaying. 

Croze,  Charles  Edwakd, 
Shop  Practice. 


Pasadena,  Cat. 


Ontonagon. 


Rank  Building. 


Mr.  ChappellV. 


Butte  City,  Montana. 

Buttertteld  House. 


Houghton. 


Croze,  Lawrence  Ludger, 

Mathematics  and  Chemistry.        Houghton. 

Croze,  Joseph  Henry, 

Shop  Practice.  Houghton. 

liLANVlLLE,   JAMES   GUNDRY, 

Drawing.  Jjtke  Linden. 

Ctoodell,  Horatio  Stewart, 

Shop  Practice.  Detroit. 

(Jottsteix,  Paul, 

Mathematics  and  Drawing.  Houghton. 


Mr.  Croze's. 


Mr.  Croze's. 


Mr.  ( 'roze, V. 


Mrs.  Brimacombe'< 


Mr.  (JoodelV: 


Mr.  ttott*t«iiiV. 


Special  Student  a.  15 

N&me.  Residence.  Room. 

McChbystal,  Jackson  Carlos, 
Geology,  Chemistry,  Metallurgy 
and  Ore  Dressing. 

Eureka,  Utah. 

Mrs.  Rice's. 

Parsons.  Albert  Wilcox, 

Mathematics  and  Drawing.  Adrian. 

•  •  Mrs.  Krellwitz'». 

Keeh,  Robert  Irwin, 

Physics.  •  Houghton, 

Mr.  A.  F.  Rev*'*. 

Ross,  George  Edward, 

Chemistry.  Hanvoek. 

Mr.  Koch's. 

ScHUCTiNG,  Rhino, 

Mathematics  and  Chemistry.        Lake  Linden. 

Mrs.  SchlictiiiK's. 

Severance,  Lemuel, 

Mathematics.  Lake  Linden. 

Mrs.  A.  Harris'*. 

Warner,  George  Eben. 

Mathematics  and  Drawing.  Boulder,  Montana. 

Mr.  Sparling**. 
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GRADUATE    STUDENTS 


Name.  Residence.  Room. 

Drake,  Frank,  S.  B., 

Mechanical  and  Electrical  En- 
gineering, Geology,   Petro- 
graphy,   Mineralogy    and 
Chemistry.  Portland ,  Oregon. 


Keweenaw  Ciub. 


Kampe,  Wesley  Edward,  A.  6., 
S.  B.  (Hanover  College), 
Chemistry.  Madison,  Ind. 

Stillman,  Arthur  Parks,  B.  L. 
(University  of  Wisconsin), 
Chemistry,  Geology,  Mathemat- 
ics  and    Electrical    Engin- 
eering. Hudson,    Wis. 


Butterfield  House. 


Mrs.  BurrowaV 
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CLASS     OF     1893. 


Name, 
Abbott,  Ai  Arthub,  8.  B.  (Mich- 
igan Agricultural  College), 

Church,  George  Batchblor. 

Cranson,  Robert  Edward, 

Fisher,  James, 

Gillie*.  Donald, 

Harrington,  Frederick  Luck, 

Honnold,  William  Lincoln, 

Kirk,  Marcus  Eugene, 

McDonald,  Erwin  Huntington. 

McDonald,  William  Neal, 

Hopes,  Leverett  Smith, 

Tower.  Louis  Lovell, 

Trengove,  Samuel  Reed, 


Room. 

Mrs.  P.  Didier's. 

Mrs.  Alford*H. 

Mr.  Oranson's. 

Mr.  Fiaher's. 

Mrs.  AlfordV. 


Residence. 

Holt. 

Flint. 

St.  Johns. 

Hancock. 

Lake  IAnden. 

Port  Huron. 

Mm  E.  M.  Hoar's. 
Camp  Point.  IU. 

Mn.  Douglass's. 
Cincinnati,  Ohio. 

Mrs.  Thomas's. 
Lyon  Mountain,  N.  F. 

Butterfield  House. 
Houghton. 

Mr.  McDonald's. 
Ishpeming. 

Mrs.  Douglass's. 
Ionia. 

Mrs.  Rice'*. 
Tjake  Linden. 

Mrs.  Brims,  com  be  > 


Waters,  Albert  Latcha,  S.  B. 

(Michigan  Agricultural  College),  Spring  Lake. 


Keweenaw  Olnb. 


Class  of  18U. 


%\ 


CLASS    OF     1894. 


Name. 
Brule,  Frederick  Joseph, 

Burrall,  Frederick  Peck, 

Cameron,  Donald, 

Corrigan,  John  Alexander. 
Durfbe,  Elmer  Whipple, 

Eby,  John  Henry,  B.  A.  (Franklin 


Residence. 
Lake  Linden. 

Battle  Creek. 

St.    Louis. 


Room. 

Miss  Kelly  V 

Mr.  Cameron's. 

Mr.  Davey's. 

Cleveland,  Ohio. 

Dallmeyer  Block. 
Grand  Rapids. 

Mr.  Hummers. 


and  Marshall  College). 

Jokes,  Maurice  Lindley, 

Kirchen,  John  George, 

Knight,  John  Alexander, 

Mason,  Clarence  George, 

McCauley,  James, 

McCormjck,  Edward  Patrick, 

McFarlane,  George  Campbell,        Bay  City. 
McGrath,  Michael, 

Moore,  Carlton  Franklin, 
Nkwton,  Lee  Luke, 

Parks,  Henry  Jambs,  Lake  Linden. 

Peiffkr,  Philip,  Lake  Linden. 


Lancaster,  Pa. 

Mr.  Hummel's. 
Benton  Harbor. 

Mrs.  E.  M.  Hoar's. 
Lake  Linden. 

Dallmeyer  Block. 


Ionia. 
Hancock. 
Hancock. 
Calumet. 


Hancock. 
Marquette. 
Lake  Linden. 


Miss  Jones's. 

Mr.  Mason's. 

Mr.  McCauley 's. 

Mrs.  Burrows's. 
Mrs.  Beard's. 

Mr.  McGrath's. 
Mr.  Sparling's. 

Miss  KeUy's. 
Dullmeyer  Block. 

Mrs.  P.  Didier's. 
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Name. 
Ridley,  Frederick  William, 

Riedlnger,  Louis  Edward. 

Rourke,  Jerry, 

Seeley,  Burton  Tyndall. 

Strinoham,  Joseph,  Jr., 

Williams,  Bert  Henry, 

Wraith,  William,' 


Residence.  Room. 

Xewcastle-on-Tyne,  England, 

Mrs.  E.  M.  Hoar V 
Martjuelte. 

Mrs.  Rice's. 
Hancock. 

Mr.  Rourke's. 
Genesee  Township. 

Mr.  Sparling's. 
Saginaw. 

Mr.  StrfnghanTs. 
Champion. 

Mr.  Ormtby's. 
Sewcastle,  Col. 

Mrs.  Dallmeyer**. 


Class  of  lS9o. 


2:3 


CLASS     OF     181)5. 


Name. 
BaRI/)W,    ROYCE    ELW1N. 

Residence. 
Hastings. 

I  loom. 

BaRSTOW,   GEORGE   MlTlHEl.L, 

Detroit. 

Mrs.  Trim's. 

Bates,  Armani>  Walter, 

Irtmwood. 

Mrs.  Beard's. 

Been,  John  Theodore. 

Skanee. 

Mrs.  Dallmayer's. 

• 
CALHorx,  Charles  Andrew, 

Albert  Mines, 

Mr.  I  range's. 
Albert  Co., 

New  Brunsn 

'ick. 

Mrs.  Mitchell's. 

Cameron,  William, 

St.  Louis. 

Chandler,  Marion  Inez, 

Hancock. 

Mr.  Davey's. 

Clark,  George  Clough, 
Coleman,  Milton  Watson, 

Mr.  Chandler'*. 
Springfield,  Mo. 

Mrs.  Brimacombe's. 
Calumet. 

Coroan,  Will  John, 

Davis,  Carl  Raymond, 
Docker y,  Love, 

Ontonagon. 

Helena,  Mont. 
Love,  Miss. 

Hartmann  Block. 

Mr.  Chappcir*. 
Mr.  Lange's. 

DuBoib,  Wilbur  Fisk, 

Mobile  Ala. 

Mrs.  Rafihleigh's. 

Emlaw,  Harlow  Stigand, 

Grand  Haven 

Mr.  Cameron's. 

E88KL3TYN,  JOHN  NELSON, 

Lansing. 

Mr.  E.  K.  Lord's. 

Green,  Fred  Tubell, 

Mr.  J.  Edwards's. 
Berlin,  Canada. 

Holbkbt,  Henry  Hoffman, 

St.  Clair. 

Mrs.  S.  Gray's. 

Hooper,  James  Knight, 

Crystal  Falls. 

Mr.  Trims's. 

Mrs.  BriniaooinbeV. 
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Name. 

Kent,  Bamlet, 
Martin,  Nicholas  John, 
McDonald,  Donau>, 
McIntyre,  Charles, 
Monroe  William  Dearborn, 
Orr,  John  Forrest, 
Paull,  Stephen,  Jr.. 
Rashleigh,  William  John, 
Rose,  Robert  Sheldon, 
Rowe,  David  Presoott, 
Slock,  George, 
Upham,  William  Erartus, 
Wearne,  William,  Jr., 
Webb,  Frederick  Merklee, 
Wood,  Robert  John, 
Wright,  Loins  Aldro, 
Wyckoff,  Fred  Carlton, 


Room. 

Hartmann  Block. 

Mr.  Sparling's. 

Mrs.  Brimacombe's. 

Miss  Jones's. 

Mrs.  Cameron '8. 

Mr.  McOurdy's. 

Mr.  McOurdy's. 


Residence. 
Calumet. 

Bessemer. 

Calumet. 

Lake  Linden 

Bath. 

VAnse. 

Calumet. 

Houghton. 

Mrs.  Rashleigh 's. 
Fon  du  Lac,  Wis. 

Mr.  Lange's. 
Chicago,  III. 

Mrs.  DallmeyerV. 
Houghton. ' 

Mr.  Slock's. 
Duluth,  Minn. 

Mrs.  Burrows's. 
Red  Jacket. 

Mr.  McOurdy's. 
River  Edge,  N.  J. 

Mr.  Lange's. 
Cleveland,  Ohio. 

Dallmeyer  Block. 
San  Antonio,  Texas. 

Keweenaw  Club. 
Jacobsville. 

Mr.  Chandler's. 


Sjnwial  Students. 
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SPECIAL    STUDENTS. 


Name.  Residence. 

Benson,  John  Sydney, 

Chemistry  and  Mineralogy. 

Cruse,  James  Alfred, 

Mathematics  and  Drawing.  Red  Jacket. 

Oppen,  William  Adolph, 
Chemistry. 

Ross,  George  Edward, 

Chemistry.  Hancock. 

Seaman,  Arthur  Edmund, 

Petrography.  Houghton. 

Watson,  John  Bone, 

Geology .  ( >pechee. 


Room. 

Wardner,  Idalio. 

Mr.  Liverniore'*. 


Mrs.  Brimacombes. 

Milwaukee,  Wis. 

Mr.  Liveruiore'b. 


Mr.  Ross '» 


Mr.  Seaman's. 


Mr**.  Brimacoinbe't*. 
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S  U  M  M  A  U  V  . 


i 891 -1892. 

Graduate  Students 8 

Class  of  1892 2 

Class  of  1898 16 

Class  of  1894 34 

Special  Students 18 

78 

BY     COUNTRIES     AND     STATES. 

California 1 

Canada I 

Colorado 2 

England 1 

Idaho 1 

Illinois 1 

Indiana 1 

i  Upper  Peninsula 34 ) 
[- 57 
Lower  Peninsula 28  1 

Montana 2 

New  York 

Ohio 

Pennsylvania 

Peru 

Utah 

Wisconsin 6 

78 


Summary.  2? 


S  V  M  M  A  It  V 


Fall  Term,  1892. 

Graduate  Students 3 

Class  of  1898 14 

Class  of  1894 86 

Class  of  1895 85 

Special  Students 6 

88 

BY     COUNTRIKS     A  JT  I)     STATES. 

Alabama -  1 

Canada 1 

Colorado 1 

England 1 

Idaho 1 

Illinois 2 

Indiana 1 

\Mi„u;rMn   j  Upper  Peninsula 88  }  KQ 

Michigan   j  Lo^er  Peninsula 21  f 59 

Minnesota 1 

Mississippi 1 

Missouri 1 

Montana 1 

New  Brunswick 1 

New  Jersey 1 

New  York 1 

Ohio 8 

Oregon 1 

Pennsylvania 1 

Texas 1 

Wisconsin 3 

88 
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AVERAGE      AttE     OF     STUDENTS. 


1891-1892. 


Special  Students .22  years. 

Class  of  1894 20*  years. 

Class  of  1893 21*  years. 

Class  of  1892 24  years. 

Graduate  Students -24  years. 

Average  Age  of  all  Students 21*  years. 

Fall  Term,  1892 

Special  Students 25  years. 

Class  of  1895 21  years. 

Class  of  1894 1... 21  years. 

Class  of  1898 28  years. 

Graduate  Students , 28  yean. 

Average  Age  of  all  Students 22  years. 


Requirements  for  Admission.  29 


KEQUIREMENTS     FOR    ADMISSION. 


Candidates  who  are  twenty  years  of  %  age  and  over  and 
who  desire  to  enter  the  regular  course  will  be  examined  in  : 

Arithmetic  and  Metric  System  :  either  Wentworth's 
High  School,  Ray's  Higher,  Olney's  Practical,  Robinson's 
Practical,  or  an  equivalent. 

Algebra,  through  Quadratic  Equations:  either 
Wentworth's  School,  Olney's  Complete,  Robinson's  Ele- 
mentary, Loomis's  Elements,  Van  Velzer  and  Slichter'6 
School,  or  an  equivalent. 

Geometry — Plane,  Solid  and  Spherical:  either 
Davies's  Legendre  revised  by  Van  Amringe,  Wentworth's 
New,  Olney's  Revised,  Chauvenet's  revised  by  Byerly, 
Peck's  Manual,  or  an  equivalent. 

Book-keeping — Elements  of  Single  and  Double  Entry  : 
either  Bryant  and  Stratton's,  Mayhew's,  the  first  62  pages 
of  The  New  Complete  Book-keeping,  or  an  equivalent. 

Elementary  Physics  :  either  Gage's  or  Avery's  Ele- 
ments, or  an  equivalent. 

Elements  op  Astronomy  :  either  Newcomb's  Popular 
or  School,  Young's  High  School,  or  an  equivalent. 

Or  the  candidate,  if  of  the  required  age  (twenty  years 
or  over),  may  present  a  certificate  from  the  superintendent 
or  principal  of  a  high  school,  academy  or  seminary  in 
good  standing,  certifying  that  the  candidate  has  studied 
not  less  than  one  year  in  that  institution,  and  has  been 
examined  by  the  superintendent  or  principal  that  signed  the 
certificate,  and  that  the  candidate  has  passed  in  the 
subjects  required   for  admission    to  this   institution   with 
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a  rank  of  not  lees  than  eighty-five  on  a  scale  of  one  hun- 
dred in  each  and  every  study  required  for  admission. 

Candidates  for  admission  who  are  under  twenty  years 
of  age  must  either  take  an  examination  at  the  Mining 
School  in  all  subjects  required  for  admission  ;  or  they 
must  present  a  certificate  from  the  superintendent  or 
principal  of  some  reputable  high  school,  academy  or 
seminary,  that  they  have  completed  one  of  the  regular 
courses  of  study  in  that  school  and  have  graduated,  obtain- 
ing a  ra.nk  of  not  less  than  eighty-five  in  a  scale  of  one 
hundred  in  each  and  every  subject  required  for  admission 
to  the  Mining  School,  and  that  the  candidates^  rank  in 
all  other  studies  in  the  school's  prescribed  course  is  not 
less  than  seventy-five  for  each  and  every  one. 

All  pupils  admitted  on  certificate  will  be  placed  on 
probation,  and  afterwards  dropped  from  the  course  if  on 
trial  they  shall  be  found  not  to  be  properly  qualified  ; 
and  no  certificate  will  be  accepted  afterwards  from  the 
teachers  and  schools  improperly  recommending  such  pupils. 

The  certificates  to  be  presented  shall  be  in  the  form 
given  below,  and  blanks  can  be  obtained  on  application 
to  the  Director,  by  letter  or  otherwise. 

Students  desiring  to  enter  on  certificate,  instead  of  by 
examination,  must  see  that  their  certificates  conform  to 
the  one  required  here,  and  only  papers  which  do  bo 
conform  will  be  received  in  place  of  an  examination. 


Req it  i 'rente n Im  for  A  dm  ifwion .  3 1 

APPLICATION  FOR  ADMISSION  TO  THE  MICHIGAN 
MINING  SCHOOL. 

Of  Mr 

Age  of 'candidate 

Name  of  school 

Name  of  principal  or  superintendent 

Course  taken 

I  certify  that  Mr graduated  in 

the school  under  my  charge; 

that  he  was  examined  in  the  following  studies  under  my 
direction  and  that  he  obtained  the  marks  set  opposite 
each  subject.  I  further  certify  that  the  examinations, 
to  the  best  of  my  knowledge  and  belief,  have  been  con- 
ducted  fairly   and    honorably.      I   also    certify   that    Mr. 

is  of  good  moral  character, 

that  his  attention  to  his  duties   has   been.i , 

and  that  his  conduct   has  been 

I  also  send  with    this  a   catalogue   or   schedule   which 

will  show  the  course  of  study   taken  by  Mr 

in  this  institution. 

(Signed )         


Subjects.  I  Rank. 


Arithmetic 

Metric  System 

Algebra  through  Quadratics. 

Geometry,  Plane 

Geometry,  Solid 

Geometry,  Spherical 

Astronomy 


Bookkeeping. 

/Ay, 
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Other  studies    taken  to    be   given    here,  with    the  rank 
obtained: 


ENTRANCE  CONDITIONS. 

No  student  will  be  admitted  as  a  regular  student  with 
conditions  in  any  other  subject  than  Astronomy  and 
Book-keeping.  The  condition  in  Astronomy  must  be 
made  up  at  the  commencement  of  the  winter  term  after 
entrance,  and  the  condition  in  Book-keeping  by  the 
commencement  of  the  winter  term  of  the  third  year. 

In  case  of  failure  to  make  up  his  conditions  as  required, 
.the  student  will  be  dropped  from  the  course  and  not 
allowed  to  continue  until  the  conditions  shall  have  been 
removed. 

It  is  necessary  for  those  who  are  preparing  to  take 
the  regular  course  in  the  Mining  School  to  give  special 
attention  to  the  Mathematics  and  Physics  required  for 
entrance,  since  a  thorough  working  knowledge  of  the 
elements  of  these  subjects  is  not  only  indispensable 
for  entry  upon  the  advance  work  in  them,  but  is 
very  important  in  its  relation  to  most  of  the  other 
subjects  taken,  as  Mathematics  and  Physics  form  a  large 
part  of  the  required  preparation  for  successful  work  in 
the  other  studies  of  the  course. 


Reqnirewfent*  for  Admission,  33 

SPECIAL  STUDENTS. 

Persons  of  nineteen  years  of  age  or  over  will  be 
admitted  as  special  students  to  take  such  studies  as  they 
may  be  found  qualified  to  pursue,  but  they  will  be 
required  to  take  sufficient  work  to  occupy  all  the  time 
that  is  at  their  disposal  for  school  duties.  This  regula- 
tion will  be  departed  from  only  for  good  and  sufficient 
reasons  in  the  case  of  persons'of  age  and  experience 


UNDERGRADUATES  OF  OTHER  INSTITUTIONS. 

Undergraduates  of  any  high  grade  Scientific  or  Tech- 
nical School^  College,  or  University,  will  be  admitted  on 
tbe  presentation  of  a  certificate  from  the  proper  officers 
of  that  institution,  stating  that  said  undergraduates  have 
been  regularly  admitted  to  said  school,  etc.;  that  they 
have  pursued  tbeir  studies  there  for  a  specified  length  of 
time;  that  they  have  passed  upon  entrance  or  subsequently 
in  the  school  in  all  the  subjects  required  for  admission 
to  the  Mining  School;  that  their  standing  in  the  institu- 
tion in  question*  was  good,  and  that  they  have  beeu 
honorably  dismissed  at  their  own  request.  If  these  under- 
graduates will  also  present  proper  certificates  showing  the 
ranks  obtained  in  their  respective  institutions  in  such 
subjects  as  they  have  taken  there,  all  studies  which  shall 
be  found  by  examination  or*  otherwise  to  be  the  real 
equivalents  of  the  studies  of  the  Mining  School  course 
will  be  ^cceptecV  \n  lieu  of.  the  corresponding  studies 
3 


34  Michigan  Mining  School, 

here,  if  the  certificates  presented  shall  show  that  they 
obtained  a  satisfactory  rank  in  those  studies;  provided 
that  the  application  for  the  acceptance  of  their  past 
work,  as  an  equivalent  for  work  in  the  Mining  School, 
shall  be  made  at  the  time  that  the  students  in  questiou 
join  the  Mining  School. 

Owing  to  the  strongly  marked  professional  or  practical 
character  of  the  work  done  in  the  Mining  School,  experi- 
ence has  shown  that  as  a  rule  the  only  studies  that  can 
be  allowed  are  the  theoretical  Mathematics,  Physics  and 
Surveying,  some  Chemistry,  Drawing  and  Stratigraphical 
Geology  and  Palaeontology. 


GRADUATE  STUDENTS. 

Graduates  of  any  high  grade  Scientific  or  Technical 
School,  College  or  University  will  be  admitted  to  take 
special  gradnate  instruction  or  as  candidates  for  the 
higher  degrees  (see  Degrees  and  Graduate  Instruction), 
but  they  must  satisfy  the  Faculty  that  their  previous 
course  has  been  of  a  grade  entitling  them  to  the  privi- 
leges they  seek.  Those  graduates  who  desire  to  enter 
upon  the  regular  undergraduate  work  of  the  Mining 
School  for  the  purpose  of  obtaining  the  degree  of  Bach- 
elor of  Science  or  that  of  Mining  Engineer  can  do  so 
under  the  same  conditions  as  those  given  for  "  Under- 
graduates of  other  Institutions/' 

All  persons  desiring  information  upon  special  poiuts 
relating  to  the  Mining  School  are  requested  carefully  to 
read  the  catalogue  before  writing  for  that  information. 
as  the  catalogue  is  prepared  with  the  intention  of  answer- 
ing all  questions  that  might  be  asked  by  correspondents. 
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THE    COURSE    OF    INSTRUCTION, 


The  course  of  instruction  for  all  students  entering  upon 
the  First,  or  Freshman  Year,  in  September,  1893,  and 
subsequently,  will  be  that  given  in  Table  II. 

The  student  completing  the  first  three  years  of  that 
course  will  have  conferred  upon  him  the  degree  of 
Bachelor  of  Science  (8.  B.),  and  those  who  complete  the 
additional  fourth  year  and  present  a  suitable  thesis  will 
receive  the  degree  of  Mining  Engineer  (E.  M.). 

Any  student  who  is  prepared  to  enter  upon  the  course 
given  in  Table  I  prior  to  September,  1893,  or  upon  the 
second  or  third  year  of  that  course  at  the  time,  can  do 
so,  and  receive  the  degree  of  Mining  Engineer  on  the 
completion  of  that  course. 

The  Michigan  Mining  School,  like  Theological,  Law 
and  Medical  schools,  assumes  that  the  student's  prepara- 
tory and  literary  education  has  been  completed  prior  to 
his  entering  upon  his  professional  studies.  Like  other 
professional  schools,  the  Michigan  Mining  School  urges 
all  students  intending  to  take  their  professional  studies 
here,  to  obtain  previously  an  education  of  the  broadest 
and  most  liberal  character.  This  is  necessary  if  the 
student  wishes  fully  to  profit  by  his  studies  here,  and 
desires  to  take  that  high  professional  rank  that  should 
be  the  ultimate  aim  of  every  graduate.  Although  not 
required,  the  student  is  advised  to  obtain  before  entering 
the  school  a  reading  knowledge  of  some  of  the  important 
modern  languages,  like  German,  French,  Swedish,  and 
Spanish,  and    to    have    thoroughly    studied   subjects  that 
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will  give  him  the  requisite  training  in  habits  of  close, 
accurate  and  logical  reasoning,  together  with  a  good 
command  of  language,  e.  g.,  Psychology,  Logic,  Rhetoric, 
Literature,  etc.  Experience  has  shown  that  of  two 
students  of  equal  ability,  the  one  that  can  give  the  time 
to  obtain  the  best  preparation,  will  in  the  end  pass  far 
beyond  the  one  that  has  had  the  inferior  training. 

While  it  is  preferred  that  students  entering  should 
have  a  liberal  education,  for  their  own  advantage,  the 
School  will  not  repel,  but  invites  and  will  try  to  assist 
in  every  possible  way,  all  those  who  have  not  been  so 
fortunate,  if  they  have  the  requisite  knowledge  and 
ability  to  profit  by  the  course,  and  in  conformity  with 
this  idea,  it  has  confined  its  requirements  for  admission 
to  those  subjects  that  are  absolutely  essential  as  a 
preparation  for  the  required  course.  So,  too,  the  course 
of  instruction  is  restricted  to  those  subjects  that  are  con- 
sidered essential  to  the  practical  work  of  a  Mining 
Engineer,  since  the  School  does  not  concern  itself  with 
anything  except  its  legitimate  business — professional  or 
technical  education. 

In  preparing  the  course  of  instruction,  the  effort  has 
been  made  to  contribute  somewhat  to  the  solution  of  one 
of  the  greatest  educational  problems  of  the  age — properly 
to  combine  scientific  or  theoretical  knowledge  with 
practical  training.  In  pursuance  of  this  object  it  is 
intended  that  the  student  shall  be  well  grounded  in  the 
principles  or  in  the  science  of  all  the  subjects  he 
studies,  while  it  is  further  proposed  that  he  shall  also 
obtain  experience  and  practice  in  every  subject  taught, 
so  far  as  the  means  and  time  at  the  disposal  of  the 
Sohool  will  permit.  That  is,  the  student  shall  have  an 
opportunity  to  observe  and   to    verify  in    the   laboratory, 
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6eld,  mill  or  mine,  whatever  he  shall  have  learned  in 
the  class  room. 

Further,  it  is  intended  that  the  practical  work  shall 
here  be  carried  to  such  an  extent  that  the  pupil  can 
make  use  of  it  subsequently  in  his  profession. 

In  general  the  instruction  will  be  given  by  means  of 
lectures,  recitations,  and  laboratory  and  field  practice, 
including  the  inspection  of  mills,  mines  and  smelting 
works.  Each  student  will  receive  individual  instruction 
in  the  laboratories,  and  those  qualified  will  be  advised 
and  directed  in  original  investigations. 

Every  facility  will  be  given  to  special  students  who 
desire  to  pursue  any  particular  subject  or  subjects  taught 
in  the  school,  provided  they  enter  during  the  time  when 
that  subject  or  subjects  are  taught  in  their  regular  order. 

In  Mathematics,  Physics,  Chemistry,  Mineralogy,  Petro- 
graphy, Geology,  Drawing,  etc.,  the  instruction  is  so 
given  that  any  one  who  desires  a  knowledge  of  any  of 
these  subjects,  as  a  matter  of  general  education,  or  as  a 
preparation  for  teaohing,  or  for  some  other  profession 
than  Mining  Engineering,  can  profitably  study  here. 

The  amount  of  labor  is  so  great  in  accomplishing  the 
necessary  work  of  the  regular  course  in  this  institution 
in  the  given  time,  that  every  student  needs  to  present 
himself  promptly  at  the  opening  of  the  school  year  and 
remain  until  its  close.  Every  regular  student  is  required 
to  spend  from  six  to  seven  hours  a  day  for  five  days 
each  week  in  laboratory  or  field  work,  or  in  recitation  or 
lecture.  He  prepares  for  his  recitations  in  time  taken 
outside  of  these  six  or  seven  hours  a  day. 

Since  the  instruction  is  largely  personal,  the  maximum 
amount  of  work  that  can  be  done  by  each  student  is 
limited    only   by   his   time   and  ability,  while  in  most  of 
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his  studies  he  can  advance  as  far  and  as  rapidly  as  he  is 
able  to  do  consistently  with  good  work. 

Various  excursions  are  taken  to  the  mines,  mills  and 
smelting- works  in  the  vicinity,  on  Saturdays  or  on  other 
days,  as  occasion  may  require.  Some  of  these  excursions 
are  required  and  some  are  voluntary,  and  all  students 
that  join  in  them  are  under  the  direction  of  the 
instructor  in  charge,  and  are  subject  to  discipline,  the 
same  as  when  in  the  laboratories  of  the  school. 

It  is  advised  that  no  student  should  endeavor  to  enter 
the  Mining  School  unless  he  is  interested  in  the  subjects 
taught  and  intends  to  attend  strictly  to  his  business, 
since  under  these  conditions  alone  will  he  be  allowed  to 
remain. 
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OUTLINE    OF    THE     COURSE    OF    STUDY 

FOR    THE    CLASSES    OF    1893, 

1894    AND    1895. 


e l  is  J 

i    * 

I.'  *[ 


FIRST    YEAR. 
Fall  Term— Fourteen  Wedcs. 

Mathematics  :  Higher  Algebra,  Plane  and  Analytical 
Trigonometry.  Recitations.  Seven  hours  a 
wooic. 

Professor  Haynes. 

Physics  :    Elementary    Mechanics,  Sound,   Heat,  Light. 
Lectures  and  Recitations.     Three  hours  a  week. 
m  Professor  Haynes. 

Drawing:  Drawing-instruments  and  Materials,  Plane 
Geometrical  Problems,  Projection,  Development, 
Round  Writing.  Lectures,  and  work  in  Draw- 
ing Room.     Ten  hours  a  week. 

Mr.  Hoyt. 

Chemistry  :  General  Principles  and  Non-Metals,  Blow- 
pipe Analysis.  Lectures,  Recitations  and 
Laboratory  work.     Four  hours  a  week. 

Professor  Koenig. 

Mineralogy  :  Crystallography  and  Determinative  Min- 
eralogy. Lectures,  Recitations  and  Laboratory 
work.     Eleven  hours  a  week. 

The    Director,  Drs.  Pat  ton,  Hubbard   and 
Lane,    and  Mr.  Seaman. 


i-Vm  ft*r   IVrw  —  £  *  >n'rt?f*n    WF>#»fc*. 

MArHEK^rit  ^ :  Spherical  TrigoaameGry.  ACemjujranuMi. 
AnAivui«**I  GwmiHrry.    ReoijACion*.    S»vea  hnu*^ 

Professor  Hay  as**. 

tht%wr»K  :  EnGerwesioa  of  Ltn«if.  >arf*c«s  aad  SuL«L**. 
Ti-.&a£r  Lett*riag.  Koaad  Wri^ag.  Let.*tnir»iiK 
and  wark  lb.  sae  DTawinc  Boom.  Hi^ras  i-}ar* 
*  week  fop  $ls  veetf. 

Mr.  tt>y^. 

[>ii«is<^:  T*jp*3^ripaL«aI  Drawiag,  Makiag  ScaitftK. 
Plactiagr.  TopocrapaicaL  z-i&ba*  Lecture**  ana 
wo-rk  La  sae  Drawia^  Boom.  Ei^as  ho  ass  a. 
wtek  for  *iga&  w«*k$w 

Profearor  Dwuoa  aai  Mf.  H.jyt. 

^'  kvetup*-  LtciTPw  aa-i  Ifaeiisaaioai.  Tiro  koar*  * 
w«*k. 

Prof«w>r  CWasoa. 

Pwtsjk*  :  Lifiiu  IL<tf<LrLe::iTJt  aa<£  Jaaga*!rLfni-  L«c<ri-«w- 
amvi  R**L3aa:<i>a*~     Taj*e  ao-rf  a  meek. 

Professor  Haya«f>v 

l  omxisni  :  MtftalUw.  L*e^u«*.  Raiciiar.*  a*  aa<l  Lano'vi.- 
n&rr  wwrk.     Fo'i?  a«:i?»  a  wek. 

P^?f*?*?or  K«eai&. 

Mixekaiuo^t.  Dinx«saT:T  &.    Lwstonw*.  Reextama*  *a»: 

Lafe»3Hr»5iMrT  wwk.     ELcm  fcu-xra  3  week. 

Lax*,  aai  Mir. 
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Spring  Term, — Six  Weeks, 

Mathematics:  Analytical  Geometry.  Recitations.  Five 
hours  a  week.  Professor  Haynes. 

Physios,  Experimental.  Recitations  and  practical  Lab- 
oratory work.     Fifteen   hours  a  week. 

Professor  Haynes. 

Chemistry  :  Introduction  to  Qualitative  Analysis.  Reci- 
tations and  Laboratory  work.  Fifteen  hours  a 
week. 

Professor  Koenig. 

Summer  Term—Elerert  Weeks. 

Surveying  :  Plane,  Topographical  and  Railroad  Sur- 
veying. Lectures,  Recitations  and  practical 
work  in  the  Field  and  Drawing  Room.  Five 
day 8  a  week. 

Professor  Denton  and  Assistants. 


SECOND  YEAR. 
Fall  Term— Fourteen  Weeks. 

Mathematics:  Differential  and  Integral  Calculus.  Reci- 
tations.    Five  hours  a  week. 

Professor  Haynes. 

Drawing:  Construction  Drawing  from  Rough  Sketches 
and  Models.  Leotures,  and  work  in  Drawing 
Room.     Six  hours  a  week. 

Mr.  Hoyt. 
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Chemistry:  Qualitative  Analysis.  Recitations  and  Lab- 
oratory work.     Twelve  hours  a  week. 

Professors  Koenig  and  Sharples6. 

Chemistry:  Reduction  and  Oxidation,  Stoichiometry. 
Recitations.     Two  hours  a  week. 

Professor  Sharpless. 

Metallurgy:    Fuel,  Refractory  Materials,  Iron,  Steel  and 

Aluminum.     Lectures  and   Recitations.      Four 

hours  a  week. 

Professor  Sharpless. 

Petrography  and  Litholooy:  Optical  and  Microscopic 
Mineralogy,  Determinative  Lithology.  Lectures, 
Recitations  and  Laboratory  work.  Six  hours  a 
week. 

The  Director  and  Drs.  Lane  and  .Patton. 

Winter  Term — Fourteen  Weeks. 

Mathematics:      Integral    Calculus.      Recitations.      Two 

hours  a  week. 

Professor  Haynes. 

Mechanics,  Analytical.  Recitations.  Five  hours  a 
week.  Professor  Haynes. 

Drawing:  Machine  Drawing,  Tracing,  Blue  Printing, 
Making  Drawings  from  Models.  Lectures,  and 
work  in    Drawing   Room.     Four  hours  a  week. 

Mr.  Hoyt. 

Mechanism:  Laws  of  Motion,  Link  work,  Cams,  Teeth 
of  Wheels,  Aggregate  Motion,  etc.  Lectures 
and  Recitations.     Three  hours  a  week. 

Professor  Kid  well. 
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Chemistry:  Quantitative  Analysis.  Lectures,  Recita- 
tions and  Tjaboratory  work.  Ten  honre  a 
week. 

Professors  Koenig  and  ttharplese. 

Miking  and  Mine  Surveying.  Lectures  and  Recita- 
tions.    Four  hours  a  week. 

Professor  Denton. 

Stratigraphical  Geology  and  Paleontology.  Lec- 
tures and  Recitations.     Five  hours  a  week. 

Dr.  Lane. 

Spring  Term — Six  Week*. 

Mine  Surveying  and  Mining.  Practical  work  in  the 
Mines.     Five  days  a  week. 

Professor  Denton. 

Summer  Term— Eight  Weeks. 

Shopwork.     Practical  work  in  the  Pattern  and  Machine 
Shops.    Five  days  a  week. 
Professor  Kidwell  and  Messrs.  Hoyt  and  Craig. 


THIRD  YEAR. 

FaXL  Term— Fourteen  Weeks. 

Drawing:  Graphical  Statics;  Analysis  of  Roof  Trusses 
of  various  standard  designs.  Lectures,  and 
work  in   Drawing   Room.     Four  hours  a  week. 

Mr.  Hoyt. 
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Chemistry:  Quantitative  Analysis.  Lectures,  Recita- 
tions and  Laboratory  work.  Thirteen  hours  a 
week. 

Professors  Koenig  and  Sharpleas. 

Metallurgy:  Copper  and  Lead.  Lectures  and  Recita- 
tions.    Three  hours  a  week. 

Professor  Sharpless. 

Ore  Dressing.  Lectures  and  Recitations.  One  hour  a 
week. 

Professor  Sharpleas. 

Mechanics  of  Materials:  Application  of  Principles  of 
Statics  to  Rigid  Bodies.  Elasticity  and 
Resistance  of  Materials,  Discussion  of  Beams, 
Columns  and  Shafts,  Combined  Stresses,  Test- 
ing of  Materials.  Lectures  and  Recitations. 
Three  hours  a  week. 

Professor  Kidwell. 

Mechanical  Engineering:  The  Steam  Engine  and 
Allied  Subjects.  Lectures  and  Recitations. 
Five  hours  a  week. 

Professor  Kidwell. 

Electrical  Engineering:  Batteries,  Ammeters.  Ortho- 
meters,  Electrical  Measurements,  Magnets, 
Electro-Magnetic  Induction  and  Theory  of 
the  Dynamo.  Lectures  and  Recitations.  Four 
hours  a  week. 

Professor  Kidwell. 

Physical    Geology.      Lectures    and    Recitations.      Five 

hours  a  week. 

The  Director. 
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Winter  Term— Fourteen  Week*. 

* 

Drawing:  Designing,  Floors,  Trestles,  Flumes,  Steam 
Piping,  Arrangement  of  Steam  Plants.  Lec- 
tures, and  work  iu  the  Drawing  Room.  Four 
hours  a  week. 

Professor  Kid  well. 

Chemistry:  Metallurgical  Analysis.  Recitations  and 
Laboratory  work.     Seven  hours  a  week. 

Professors  Roenig  and  Sharpless. 

Metallurgy:  Lead,  Silver  and  Gold.  Lectures  and 
Recitations.     Two  hours  a  week. 

Professor  Sharpless. 

Ore  Dressing.  Lectures  and  Recitations.  One  hour  a 
week. 

Professor  Sharpless. 

Mechanical  Engineering:  The  S'eam  Engine  contin- 
ued, Steam  Boilers,  Fuel,  Steam  Pumps,  Lec- 
tures   and    Recitations.      Four    hours   a   week. 

Professor  Kid  well. 

Engine  bring:  Appliances,  Gauges,  Lubricators,  Safety 
Valves,  Fuel  Heaters,  etc.  Lectures  and  Reci- 
tations.    One  hour  a  week. 

Mr.  Hoyt. 

Klkctbical  Engineering:  Motors  aud  their  Applica- 
tions, Storage  Batteries,  Arc  and  Incandescent 
Lamps,  Wiring,  Electrical  Fittings,  etc.  Lec- 
tures and    Recitations.      Four   hours    a   week. 

Professor  Kid  well. 
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Mining  Engineering  and  Mine  Accounts.  Lectures 
and  Recitations,     Four  hours  a  week. 

Professor  Denton. 

Hydraulic  and  Structural  Engineering.  Lectures 
and  Recitations.     Three  hours  a  week. 

Professor  Denton. 

Economic  Geology.  Lectures  and  Recitations.  Five 
hours  a  week. 

The  Director. 

i 

Spring  Term — Six  Weeks. 

Preparation  of  Thesis. 

Summer  Term — Eleven  Weeks. 

Assaying.  Practical  work  in  the  Laboratory,  with  Lec- 
tures and  Recitations.  Five  days  a  week,  two 
weeks. 

Professor  Sharpless. 

Ore  Dressing.     Practical  work  in  the  Stamp  Mill.     Five 
•         days  a  week,  four  weeks. 

Professor  Sharpless. 

Geology.  Practical  work  in  the  Field  and  Mines.  Five 
days  a  week,  four  weeks. 

The  Director  and  Assistants. 
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OUTLINE    OF    THE    COURSE    OF    STUDY 

FOR    THE    CLASS     ENTERING 

IN    1893. 


FIRST,  OB  FRESHMAN  YEAR. 
Fall  Term — Fourteen  Weeks. 

Mathematics:  Higher  Algebra.  Recitations.  Five  hours 
a  week. 

Professor  Haynes, 

Mathematics:  Plane  and  Analytical  Trigonometry. 
Recitations.     Two  hoars  a  week. 

Professor  Haynes. 

Physics:  Elementary  Mechanics,  Sound,  Heat,  Light. 
Lectures  and  Recitations.     Three  hours  a  week. 

Professor  Haynes. 

Drawing:  Drawing-instruments  and  Materials,  Plane 
Geometrical  Problems,  Projection,  Development, 
Intersection  of  Lines,  Surfaces  and  Solids,  Tint- 
iug,  Lettering,  Round  Writing.  Lectures  and 
work  in  Drawing  Room.     Ten  hours  a  week. 

Mr.  Hoyt. 

Chemistry:  General  Principles  and  Non-metals,  Blow- 
pipe Analysis.  Lectures,  Recitations  and  Lab- 
oratory work.     Eight  hours  a  week. 

Professor  Koenig. 


j 
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Winter  Term— Fourteen   Week*. 

Mathematics:    Spherical    Trigonometry    and    Mensura- 
tion.    Recitations.     Two  hoars  a  week. 

Professor  Haynes. 

Mathematics:     Analytical  Geometry.     Recitations.    Five 

hours  a  week. 

Professor  Haynes. 

Physio:     Light..    Electricity   and    Magnetism,     lectures 
and  Recitations.     Three  hoars  a  week. 

Professor  Haynes. 

Drawing  :     Topographical     Drawing :     Making    Scales, 

Platting,  Topographical    Signs.      Lectures  and 

work    in    the    Drawing    Room.     Ten    hoars    a 

week. 

Professor  Denton  and  Mr.  Hoyt. 

ScRYBYiN<i.      Lectures  and  Recitations.     Three    hours   a 

week. 

Professor  Denton. 

<Jhbmi>try  :     Metals.     Lectures   and    Recitations.     Seven 

hoars  a  week. 

Professor  Koenig. 

Spring  Term — Sia-  Week*. 

Mathematics:    Analytical  Geometry.    Recitations.     Five 

hours  a  week. 

Professor  Haynes. 

Physics.     Experimental.       Recitations    and     Practical 
Laboratory  work.     Fifteen  hours  a  week. 

Professor  Havnes. 
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Chemistry  :  Introduction  to  Qualitative  Analysis.  Reci- 
tations and  Laboratory  work.  Fifteen  hoars  a 
week. 

Professor  Koenig. 

Summer  Term — Eleven  Weeks. 

Surveying  :  Plane,  Topographioal  and  Railroad  Sur- 
veying. Lectures,  Recitations,  and  Practical 
work  in  the  Field  and  .  Drawing  Room.  Five 
days  a  week. 

Professor  Denton  and  Assistants. 


SECOND,  OR  SOPHOMORE  YEAR. 
Fail  Term— Fourteen  Weeks. 

Mathematics  :  Differential  and  Integral  Calculus. 
Recitations.     Five  hours  a  week. 

Professor  Haynes. 

Drawing  :  Construction  Drawing  from  Rough  Sketches 
and  Models.  Lectures,  and  work  in  Drawing 
Room.     Four  hours  a  week. 

Mr.  Hoyt. 

Chemistry:  Qualitative  Analysis.  Recitations  and  Lab- 
oratory work.     Eight  hours  a  week. 

Professor  Koenig. 

Ohbmistby:  Reduction  and  Oxidation,  Stoichiometry. 
Reoitations.     Two  hours  a  week. 

Professor  Sharpless. 
4 
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Mining    and    Mine   Surveying.     Lectures  and  Recita- 
tions.    Four  hours  a  week. 

Profee3or  Denton. 

Mineralogy,  Determinative.     Lectures,  Recitations  and 
Laboratory  work.     Twelve  hours  a  week. 

The    Director,  Drs.    Patton,  Hubbard   and 
Lane,  and  Mr.  Seaman. 

Spring  Term — Six  Wedcs. 
Mining.     Practical  work  in  the  Mines. 

Professor  Denton. 

Summer  Term — Ten  Weeks. 
Shopwork.      Practical    work    in     Pattern    and    Machine 
Shops.     Five  days  a  week. 

Professor   Kidwell   and    Messrs.  Hoyt    and 
Craig. 


THIRD,  OR  JUNIOR  YEAR. 
FaM  Term— Fourteen  Weeks. 

Drawing.     Lectures,  and  work  in  Drawing  Room.     Four 

hours  a  week. 

Mr.  Hoyt. 

Chbmi8Try:      Quantitative    Analysis.      Lectures,   Recita- 
tions and   Laboratory  work.      Eleven    hours   a 

week. 

Professors  Koenig  and  Sharpless. 

Metallurgy:    Copper  and   Lead.     Lectures  and  Recita- 
tions.   Three  hours  a  week. 

Professor  Sharpless. 
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Om  DmtssiKG.     Lectures  and   Recitations.     One  how  a 
week. 

Professor  Sharpies*. 


Mechanism:  Laws  of  Motion,  Linkwork,  Cam*,  Teeth 
of  Wheels,  Aggregate  Motion,  etc.  Lectures 
and  Recitations.     Fonr  hoars  a  week. 

Professor  Kid  well. 


Mechanical  Enginbi&ing.     Lectures  and    Recitations. 

Two  hours  a  week. 

Professor  KidwelL 

Pstkography  and  Lithology:  Optical  and  Microscopic 
Mineralogy.  Determinative  Lithology.  Reci- 
tations and  Laboratory  work.  Six  hours  a 
week. 

The  Director,  and  Drs.  Lane  and  Patton* 

Stbatioeaphical  Geology  and  Paliontology.  Lec- 
ture and  Recitations.     Fire  hours  a  week. 

Dr.   Lane. 

Winter  Term — Fourteen  Weeks. 

Drawing:  Graphical  Statics;  Analysis  of  Roof  Trusses 
of  Tarious  standard  designs.  Lectures,  and 
work  in  Drawing  Room.     Three  hours  a  week. 

Mr.  Hoyt. 

Chbmistst  :     Quantitative  Analysis.    Lectures,  Recitations 
and  Laboratory  work.     Twelve  hours   a   week. 
Professors  Koenig  and  Sharpies*. 

Mbtaxlubgt:  Silver  and  Gold.  Lectures  and  Recita- 
tion*.   Two  hours  a  weak. 

Professor  Sharpies*. 
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Ore  Dbbssing.  Lectures  and  Recitations.  One  hour  a 
week.  Professor  Sharpless. 

Mechanics  of  Materials:  Application  of  Principles 
of  Statics  to  Rigid  Bodies,  Elasticity  and 
Resistance  of  Materials,  Discussion  of  Beams, 
Columns  and  Shafts,  Combined  Stresses,  Test- 
ing of    Materials.     Lectures   and    Recitations. 

Three  hours  a  week. 

Professor  Kidwell. 

Mechanical  Engineering,  continued.  Lectures  and 
Recitations.     Two  hours  a  week. 

Professor  Kidwell. 

Hydraulic  Engineering.  Lectures  and  Recitations. 
Three  hours  a  week.  Professor  Denton. 

Mining  Engineering  and  Mine  Accounts.  Lectures 
and  Recitations.     Four  hours  a  week. 

Professor  Denton. 

Physical  Geology.  Lectures  and  Recitations.  Five 
hours  a  week.  The  Director. 

Spring  Term— Six  Weeks. 

Mine  Surveying  and  Mining.  Practical  work  in  the 
Mines.     Five  days  a  week. 

Professor  Denton. 

Summer  Term — Twelve  Weeks. 

Assaying.  Practical  work  in  the  Laboratory  with  Lec- 
tures and  Recitations.  Five  days  a  week,  two 
weeks,  Professor  Sharpless, 
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<  >*l  Daawrsra.     Practical  work  in  the  Stamp  Mill.     Fire 
days  a  week,  four  weeks. 

Professor  Sharpie**. 

MJTAi^LUEftY.     Practical  work  in    Methods   of    Roasting, 
Smelting,  etc.     Five  days  a  week,  six  weeks. 

Professor  Sharpieas. 


POURTHL  OR  SENIOR  YEAR. 
Pail  Tmt*—  Fourteen   Week*. 

Drawing:  Designing  Columns,  Beams.  Floor**.  Trestles. 
Flames,  Steam  Piping,  etc.  Lectures,  and  work 
in  Drawing  Room.     Four  hours  a  week. 

Professor  Kid  well. 

CHmsTKY:  Metallurgical  Analysis.  Recitations  and 
Laboratory  work.     Twelve  hours  a  week. 

Professors  Koenig  and  Sharpies*. 

Mbchanlc.il    EflFGXJTBHiilNtf:     The     Steam    Engine     and. 

Allied    Subjects.        Lectures    and     Recitations. 

Five  hours  ;i  we^k. 

Professor  Ki  dwell. 

Blbcthical  Ej<*E2*aBHU<i:  Batteries.  Vm  meters.  Ortho- 
meters.  Electrical  Measurements,  Magnets.  Elev- 
tro-Magnetic  Induction  and  Theory  of  the 
Dynamo.        Lectures     and*   Recitations.       Four 

hours  a  week. 

Professor  BLidweil. 

EcosoMir  (jkou)i»\.  Lectures  and  Recitations^  Firs 
hoars  a  week. 

The    Director. 
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Winter  Term — Fourteen  Weeks. 

Designing,  continued.      Five  hours  a  week. 

Professor  Kidwell. 

Chemistry:  Technical  Analytical  Methods.  Lectures, 
Recitations  and  Laboratory  work.  Nine  hours 
a  week. 

Professors  Koenig  and  Sharpless. 

Mechanical  Engineering:  The  Steam  Engine,  con- 
tinued; Steam  Boilers,  Fuel,  Steam  Pump6. 
Lectures  and  Recitations.     Four  hours  a  week. 

Professor  Kidwell. 

Engineering  Appliances:  Pumps,  Gauges,  Safety 
Valves,  Feed  Heaters,  etc.  Lectures  and  Recita- 
tions.    One  hour  a  week. 

Mr.  Hoyt. 

Electrical  Engineering  :  Motors  and  their  applica- 
tions, Storage  Batteries,  Arc  and  Incandescent 
Lamps,  Wiring,  Electrical  Fittings,  etc. 
Lectures  and  Recitations.     Four  hours  a  week. 

Professor  Kidwell. 

Mining  Engineering.      Lectures  and  Recitations.   Two 

hours  a  week. 

Professor  Denton. 

Structural  Engineering.  Lectures  and  Recitations. 
Two  hours  a  week. 

Professor  Denton. 

Economic  Geology.  Lectures  and  Recitations.  Five 
hours  a  week. 

The  Director. 
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Spring  Term— Six  Week*. 
Preparation  of  Thesis. 

Summer  Teem—Six  Week*. 

Mechanical  Engineering.      Practice    in    the    Testing 
Laboratory.      Five   days   a    week,    five    weeks. 

Professor  Kid  well. 

Geology.      Practical  work  in  the  Field  and  Mines.    Five 
days  a  week,  four  weeks. 

The  Director  and  Assistants. 

Revision  of  the  above  courses  will  be  made  at  any  time 
when  it  is  thonght  they  can  be  improved,  or  when  the 
needs  of  the  School  demand  it,  and  all  the  students  are 
expected  to  conform  to  these  changes  whenever  intro- 
duced. 
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DEPARTMENTS    OF    INSTRUCTION. 


MATHEMATICS. 
PROFESSOR  HATNB8. 

First   Year. — Fall   and    winter   terms,   seven    '»  a 

week;  spring  term,  fire  hours  a  week. 

Second  Year. — Fall  term,  five  honrs  a  week;  winter 
term,  seven  hoars  a  week. 

The  course  in  Mathematics  is  progressive,  and  no  part 
of  it  can  be  taken  very  profitably  by  the  student,  unless 
he  shall  have  passed  in  all  the  required  preparatory  work 
and  in  each  successive  subject,  before  entering  upon  any 
of  the  more  advanced  studies. 

In  Mathematics,  the  object  sought  is  to  give  the  student 
a  thorough  working  knowledge  of  the  subject,  so  far  as 
it  is  essential  to  the  successful  application  of  its  princi- 
ples to  the  practical  mathematical  work  required  in  the 
subsequent  courses  in  Mine  Surveying,  Railroad  Survey- 
ing, Plane  Surveying,  and  such  other  practical  applica- 
tions as  are  found  in  Mechanical  Engineering,  Electrical 
Engineering,  Physics,  etc. 

The  course  includes,  in  Algebra — a  review  of  Quadratics, 
Differentiation,  Indeterminate  Co-efficients,  Formulae. 
Logarithms,  Loci  of  Equations  and  Higher  Equations;  in 
Trigonometry — Plane,  Analytical,  and  Spherical  Trigon" 
ometry,  with  Mensuration;  in  Analytical  Geometry — the 
straight  line,  circle,  parabola,  ellipse,  hyperbola,  the  trans- 
formation of  co-ordinates,  the  plane,  and  surfaces  and 
solids  of  revolution.     This   course  closes  with  the  stud) 
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of  the  Differential  and  the  Integral  Galea ia*.  and  their 
applications  to  vanou-  practical  problems  in  Physic*. 
Analytical  Mechanics,  etc. 

Both  in  thu  course  and  iu  that  in  Physic*  ^p^ci&i  care 
i*  taken  to  point  out  and  enforce  the  practical  bearing 
of  the  »nbjecU  under  discussion,  and  it  has  been  found 
that  this  add*  greatly  to  the  meaning  of  the  student's 
work,  and  forms  *  powerful  incentive  to  thoroughness. 
Howe%er,  in  both  of  the*e  course**  the  fundamental  truth 
is  kept  constantly  in  mind,  that  the  moot  successful 
practical  work  i*  based  upon  a  thorough  theoretical 
foundation.  No  one  acquainted  with  the  splendid  achieve- 
ment* connected  with  mining  in  the  immediate  vicinity 
of  this  school,  which  are  constantly  before  iU  students, 
a**  a  great  object  lesson,  can  doubt  the  necessity  of  a 
knowledge  of  Mathematics  and  of  Physic*  in  securing 
theae  results,  and  of  their  eminent  practical  value  in 
dereloping  and  maintaining  this  great  industry. 


PHYSICS. 

PROFESSOR   UATNES. 


FiR8T  Yeah. — Fall  and  winter  terms,  three  hours  a 
week;  spring  term,  fifteen  hours  a  week. 

Two  terms  of  fourteen  weeks  each  are  spent  upon  the 
study  of  General  Physics,  including  the  topics  of  Mechan- 
ics, Hydrostatics.  Pneumatics,  Heat,  Light,  Magnetism 
and  Electricity.  In  these  two  terms  regular  recitations 
are    required,    and     the    topics     are     illustrated    by     the 
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instructor  with  lectures  aud  experiments.  Thi6  course 
closes  with  a  term  of  six  weeks  of  recitation  and  labora- 
tory work,  in  which  the  student  is  required  to  do  the 
work  under  the  supervision  of  the  instructor,  the  experi- 
ments being  mostly  in  the  domain  of  physical  measure- 
ments, including  those  of  Specific  Gravity,  Heat,  Light 
and  Electricity. 

The  method  of  instruction  in  this  department  com- 
bines recitations,  lectures,  laboratory  work,  and  the  solu" 
tion  of  problems,  in  such  a  way  as  not  only  to  afford  the 
necessary  variety,  but  at  the  same  time  to  furnish  also  a 
constant  encouragement  to  the  student  to  become  self- 
reliant  both  in  his  method**  of  thought  and  in  his  work. 

In  the  laboratory  work  of  this  department  each  stu- 
dent is  required  to  make  a  sketch  and  give  a  description 
of  the  apparatus  used  in  each  experiment;  to  put -down 
his  data,  computations,  conclusions,  etc.,  during  labora- 
tory hours,  in  a  note  book;  and,  at  the  close  of  the  lab- 
oratory  work  of  each  day  to  leave  this  book  with  the  instructor 
for  his  inspection. 

No  student  is  permitted  to  take  this  practical  laboratory 
course  who  has  not  passed  in  the  necessary  theoretical  study 
and  lectures  that  preceded  it. 

The  equipment  of  the  Physical  Laboratory,  which  was 
quite  recently  begun  and  which  is  constantly  growing, 
now  contains  among  other  pieces  for  lecture  purposes 
the  following: 

Mariott's  Apparatus. 

Savart's  Wheel. 

Atwood's  Machine. 

A  large  Toepler-Holtz  Electric  Machine. 

An  Edison  dynamo. 

5  small  Electric  Motors, 
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1  net  Natterer  Tabes. 

2  sets  Geissler  Tabes. 

1  Combined  Polariscope  and  Stauroecope. 

1  Combined  Projecting  Lantern  and  Polariacope. 

1  Lissajou's  Apparatus. 

2  Singing  Flame  Apparatus. 
1  Tonometer,  etc. 

The  following   list   embraces   a    part    of  the   apparatus 
now  contained    in  the  laboratory,  for  students'  use: 
5  Earth  Inductors. 

5  Sliding  Coil  Magnets. 

4  Tangent  Galranometers. 

6  Astatic  Galranometers. 

4  Single  Coil  Mirror  Galranometers. 

4  Doable  Coil  Mirror  Galranometers. 

3  Dead-Beat  Mirror  Galranometers. 
13  Sets  for  Kandt'e  Experiment. 
24  Resistance  Coils. 

12  Calorimeters. 

12  Steam  Jackets.  "  Apparatus   A.'* 

8  Resistance  Boies,  range  1  ohm  to  11332  ohms. 

5  Spectragoniometers  (Genera). 

6  Benson  Photometers. 

12  Micrometers  (ratchet). 

13  Spherometers. 

tf  Pierce's  Bridges. 

1  B.  A.  Bridge. 

2  Standard  Ohms. 
1  Cathetometer. 

1  Becker  Balance. 

6  Kohlbusch  Balances. 

1  Springer  Torsion  Balance. 

3  Marine  Sextants, 
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1  Astronomical  Sextant  with  artificial  horizon. 

1  Cistern  Barometer. 

2  Aneroid  Barometers. 
%  Jolly  Balances. 

7  Sonometers. 

1  "Bradley's  Complete  Apparatus/'  range  2-10000  of 
an  ohm  to  11111  1-10  ohms. 

1  "Standard  Resistance  Box  and  Bridge/'  tested  by 
Professor  W.  A.  Anthony;  range  from  1-1,000,000  of  an 
ohm  to  110  millions  of  ohms. 


DRAWING. 

PROFB8SOR  KIDWBLL  AND  MB.  HOYT. 

The  course  in  drawing  extends  oyer  the  entire  three 
years.  In  planning  it,  the  object  kept  constantly  in  view 
was  to  give  special  prominence  to  such  branches  of 
Drawing  as  are  of  most  value  to  the  engineer;  hence  such 
•objects  as  perspective,  shades  and  shadows,  etc.,  have 
been  excluded,  and  more  than  the  usual  proportion  of 
time  is  devoted  to  Mechanical  and  Topographical  Drawing. 

Daring  the  entire  course,  all  Drawings  accepted  by  the 
instructors  are  considered  as  the  property  of  the  School, 
and  are  preserved  for  the  use  of  the  department.  Draw- 
ings that  are  not  satisfactory  are  returned,  and  must  be 
made  up  by  the  student  in  his  own  time. 

The  following  schedule  shows  the  distribution  of  work 
during  the  three  years. 

Fibst  Year. — Fall  term,  ten  hours  a  week;  winter 
term,  eight  hours  a  week. 
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Description,  Preparation,  and  Testing  of  Draw- 
ing-instruments and  Materials;  graphical  solution  of 
geometrical  problems.  Descriptive  Geometry:  Projections 
on  right  and  olique  planes;  intersections  of  lines,  sur- 
faces and  solids:  plans,  elevations  and  sections  Tinting, 
Lettering:  Roman,  Italic,  Gothic,  and  block  letters: 
Soennecken's  system  of  Round  Writing.  AngeFs  "  Prac- 
tical Plane  and  Solid  Geometry  "  is  used  as  the  text  book 
in  Descriptive  Geometry,  and  the  other  sobjecffe  are 
taught  by  lectures. 

After  the  principles  given  in  the  text-book  have  been 
mastered,  special  problems  prepared  by  the  instructor  are 
given  for  solution. 

Topographical  Drawing  :  Making  scales;  methods 
of  plotting  surveys,  by  protractor  and  rectangular  co- 
ordinates :  topographical  signs.  This  branch  of  Drawing 
is  under  the  personal  supervision  of  the  Professor  of 
Civil  and  Mining  Engineering,  and  is  arranged  with 
special  reference  to  the  practical  work  in  Plane  and  Mine 
Surveying.  The  first  sheets  are  devoted  to  the  making 
of  scales,  and  to  the  different  methods  of  plotting  survey 
lines,  the  student  having  previously  made  the  necessary 
computations  from  field  notes  furnished  him.  These 
sheets  are  followed  by  practice  in  making  topographical 
signs  and  in  filling  in  the  details  of  a  survey.  This 
course  gives  the  student  sufficient  skill  to  plat  his  own 
surveys,  and  assists  him  in  the  making  of  these  surveys, 
by  teaching  him  what  data  are  necessary  for  platting. 

Every  attempt  is  made  to  avoid  mere  copying.  Accuracy, 
neatness,  and  a  thorough  understanding  of  the  work  in 
progress  are  insisted  upon  at  all  times,  and  no  sheet  will 
be  accepted  that  would  not  pass  in  the  average  drafting 
room.    The    subject    of    lettering    receives    considerable 
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attention  during  the  entire  course,  as  nothing  more 
effectually  spoils  a  good  mechanical  drawing  or  map  than 
injudiciously  selected  or  poorly  executed  lettering. 

jVo  student  may  take  first  year  work  in  Drawing  who 
has  entrance  condition*  in  Ptone,  Solid  or  Spherical 
Geometry. 

Second  Year. — Fall  term,  6ix  hours  a  week  ;  winter 
term,  four  hours  a   week. 

Isometric  and  Cabinet  Projection  :  Construction 
Drawing ;  dimensioning,  lettering,  and  the  shading  of 
working  drawings ;  elements  of  design  with  regard  to  the 
relative  proportion  of  parts  of  machines ;  tracing,  blue 
printing,, and  use  of  bond  paper;  production  of  complete 
working  drawings  from  the  model,  on  rough  sketches 
furnished  by  the  instructor.  Lectures,  and  work  in 
Drawing  Boom. 

Machine  Sketching  :  Making  working  sketches,  with 
all  necessary  views,  sections,  dimensions,  etc.,  of  pieces 
of  machinery  assigned  by  the  instructor.  This  work 
must  be^  done  by  the  student  outside  of  class  hours,  in  a 
book  of  sectioned  paper  to  be  devoted  exclusively  to  this 
subject  and  turned  in  for  inspection  on  the  date  set  by 
the  instructor. 

Each  student  will  be  allowed  to  keep  a  complete  set  of 
prints  of   all  his   tracings  or  drawings,  on   bond   paper. 

A©  student  may  take  this  course  who  has  conditions  in 
any  part  of  the  first  year's  work  in  Drawing. 

Third  Year. — Fall  term,  four  hours  a  week ;  winter 
term,  four  hours  a  week. 

Graphical    Statics  :     Analysis    of    roof    and    bridge 
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troflns    of    various    standard    designs.      (Greene's    "Roof 
Trusses,"  supplemented  with  lee  tares.) 

While  the  text-book  will  serve  as  a  guide,  the  scope  of 
the  instruction  will  not  be  confined  to  it.  The  coarse  is 
designed  to  teach  the  theory  of  the  graphical  analysis  of 
stresses  in  structures,  and  leads  up  to  the  course  in 
designing  given  in  the  succeeding  term. 

Xo  student  may  take  this  course  who  has  conditions  in 
any  part  of  the  preview*  two  years'  instruction  in  Drawing 
or  Mechanics. 

Desigstjtq.     Lectures,  and  work  in  Drawing  Room. 

Prominence  is  given  in  this  coarse  to  the  designing 
of  girders,  columns,  shafts,  floors  for  heavy  loads,  framing, 
trestles,  etc  Special  attention  is  also  given  to  designs 
for  long  lines  of  steampipe,  line  and  counter  shafting  for 
various  duties,  etc.  No  design  is  accepted  unless  accom- 
panied by  complete  working  drawings  and  bill  of  materials. 

Ao  student  may  take  this  course  who  has  conditions  in 
any  part  of  the  previous  work  in  Drawing,  Mechanics, 
Properties  of  Materials*  (Graphical  Statics*  Mechanism*  or 
Mechanics  of  Materials. 

In  addition  to  the  regular  instruction  in  Drawing, 
numerous  applications  of  the  subject  are  obtained  in  con- 
nection with  the  other  courses;  the  students  are  required 
to  make  plats  of  all  their  field  work  in  Plane  Surveying, 
to  prepare  working  plans  and  sections  of  a  mine  from 
their  own  survey,  make  a  map  and  profile  of  a  railroad 
line  surveyed  by  themselves,  and  to  draw  sections,  dia- 
grams, maps,  etc ,  in  their  geological  field   work. 

Much  personal  instruction  is  given  during  the  entire 
oourse.  In  addition  to  the  regular  lectures  and  recita- 
tions,   the  instructors  are  present  in  the  Drawing  Boom 
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during  the  hours  prescribed   for  practical   work,  to   give 
advice  and  personal  instruction  to  those  who  need  it. 

Whenever  students  desire  the  privilege  of  working  in 
the  Drawing  Boom  on  Saturdays  or  other  holidays  during 
the  fall  and  winter  terms,  arrangements  may  usually 
be  made  with  the  instructor,  the  day  before,  by  which 
such  privilege  can  be  granted. 

Special  Students  in  Drawing, 

Those  who  desire  to  enter  as  special  students  to  take  the 
course  in  Drawing  only  or  in  Drawing  in  conjunction  with 
some  other  subject,  may  do  so,  provided  the  professor  in 
charge  of  the  course  is  convinced  of  their  competency  to 
profit  by  the  instruction.  To  pursue  the  course  with  success, 
Plane,  Solid  and  Spherical  Geometry,  Plane  Trigonome- 
try, and  Analytical  Geometry  of  two  dimensions  should 
have  been  well  mastered.  In  case  these  subjects  have  not 
been  completed,  the  professor  in  charge  will  prescribe 
such  courses  in  mathematics  as  he  considers  necessary, 
which  will  bo  obligatory  on  the  part  of  the  student,  and 
determiue  the  number  of  hour6  to  be  devoted  to  the 
work. 

The  Four  Years  s  Course, 

An  inspection  of  the  table  of  hours  for  the  four  years's 
course,  to  go  into  effect  in  September,  1893,  will  show  a 
material  increase  in  the  number  of  hours  to  be  devoted 
to  Drawing.  During  the  first  term  of  the  first  year,  the 
instruction  will  be  confined  to  the  same  subjects  now 
taught  in  that  term,  but  the  increased  time  will  permit 
more  extended  work  in  Descriptive  Geometry.  The 
instruction  in  Topographical  Drawing  will  be  made  more 
exhaustive  by  devoting  to   it   ten  hours   a   week    for   an 
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entire  term,  instead  of  eight  boars  a  week  for  eight  ! 
weeks,  as  at  present.  The  coarse  in  Constructive  Draw-  j 
ing  and  Machine  Sketching  will  be  expanded,  and  occupy  , 
two  terms  of  the  second  year,  and  one  term  of  the  third.  ! 
Graphical  Statios  will  occupy  the  winter  term  of  the  j 
third  year.  The  instruction  in  Mechanics  of  Materials,  | 
Mechanism,  and  a  portion  of  the  Mechanical  Engineering,  I 
will  also  be  given  daring  the  third  year,  so  that  at  the  ' 
opening  of  the  fourth  year,  the  student  will  be  prepared 
to  enter  intelligently  upon  the  work  of  designing,  whioh  , 
will  be  continued  through  two  terms,  instead  of  one  as  : 
at  present.  j 

Equipment.  i 

This  Department  is  well  equipped  for  every  branch  of 
the  work  it  professes  to  teach.  The  more  expensive  or 
rarely  used  instruments  are  in  stock,  and  are  used  by  the 
students  as  occasion  may  demand.  The  drawing  tables 
have  been  so  planned  that  each  student  has  a  private 
drawer  or  locker  for  his  instruments  and  materials  and 
a  rack  for  his  drawing  board.  A  printing  frame  capable 
of  making  a  blue  print  3x4  feet,  several  frames  of  smaller 
capacity,  a  new  slate  vat  for  developing  prints,  and  a  j 
drying  rack,  have  been  added  during  the  past  year.  The 
accompanying  plan  will  show  the  arrangement  of  the  - 
room. 

Instruments  Needed  by  Students* 

Each  student  upon  entrance  will   provide  himself  with 
the  following  instruments  and  materials,  a  list  of  which 
is  given  for  the  convenience  of  those   who  may  desire  to] 
purchase  before  coming  to  Houghton:  j 

One  5-inch  Altender  right  improved  line  pen. 
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One  54-inch  Altender  dividers  (pivot  joint)  with  hair 
spring,  pen  and  pencil  points,  and  extension  bar. 

One  2^-inch  Altender  bow  pen. 

One  2Wnch  Altender  bow  pencil. 

One  2Wncb  Altender  bow  dividers. 

One  8-inch  horn  protractor. 

One  12-inch  triangular  scale,  divided  into  twelfths. 

One  T  square,  36-inch  blade. 

One  8-inch  30°x60°  rubber  triangle. 

One  8-inch  45°  rubber  triangle. 

One  each  K.  &  E.  Amber  curves,  Nos.  1820-6;  1820-11; 
1820-15. 

One  dozen  German  silver  thumb  tacks,  f  diam. 

One  bottle  W.  and  N.  or  Higgins's  prepared  India  ink. 

One  Faber's  pencil  form  wood-cased  rubber.  * 

One  diam.  rubber  No.  877. 

One  piece  Artist's  gum,  |xl^x3  inches. 

Two  each  Faber's  artist's  6  H  and  4  H  pencils. 

One  bottle  mucilage  (or  paste)  with  brush. 

One  medium  sized  sponge,  fine  quality. 

One  Arksansas  stone,  about  £x$x3  inches. 

Two  cabinet  saucers,  about  If  iuches  diam. 

One  piece  chamois  skin,  not  less  than  12  inches  square. 

One  Soennecken  Round  Writing  Copy  Book,  and  box 
of  selected  pens. 

A  black  enameled  tin  box,  13x8x4  inches,  with  lock, 
in  which  instruments  can  be  kept,  is  strongly  recom- 
mended. 

A  drawing  board  and  two  sable  brushes  will  also  be 
required.  Owing  to  liability  of  getting  sizes  that  will 
not  answer^  these  latter  should  be  purchased  in  Houghton. 

The  articles  called  for  in  this  list  are  necessary  for  a 
proper  prosecution  of  the  course,  and  care  should  therefore 
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be  taken  to  get  exact  instruments  specified,  or  others  of 
equal  grade.  Instruments  not  up  to  standard  will  not  be 
allowed  in  the  Drawing  Boom,  as  they  will  not  give  sat- 
isfaction, and  will  waste  the  time  both  of  instructors  and 
of  students. 


CHEMISTRY. 

GENERAL   CHEMISTRY. 

PROFESSOR  KOEN1G. 


First  Year. — Fall  term,  four  hours  a  week;  winter 
term,  four  hours  a  week;  spring  term,  fifteen  hours  a 
week. 

Transformation,  or  change,  of  matter  either  in  form 
or  iu  substance,  or  in  both,  is  the  ultimate  aim  of  the 
engineer,  and  more  especially  of  the  mining  and  metal- 
lurgical engineer.  A  thorough  knowledge  of  the  proper- 
ties of  matter,  then,  is  the  base  from  which  all  engineering 
designs  must  be  started  and  brought  to  a  successful  end. 
The  course  in  general  chemistry,  dealing  with  the  material 
particles  in  their  action  upon  each  other,  is  so  conducted 
that  the  student,  from  the  start,  is  made  an  investigator 
and  not  a  mere  recipient  of  accumulated  knowledge. 
Beginning  with  a  course  in  blow-pipe  work,  the  student 
becomes  acquainted  with  the  two  most  important  oper- 
ations of  metallurgy — oxidation,  and  deoxidation,  or 
reduction  to  the  metallic  state,  of  metallic  compounds. 
He  learns  to  appreciate  the  importance  of  minute  quan- 
tities and  forces  in  performing  a  series  of  changes  by 
such  simple  means  as  a  small  flame.  He  proceeds  then 
to  the  investigation  of  the  non-metallic  elements  in  their 
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several  states  of  aggregation — solid,  liquid  and  gaseous. 
Lectures  are  intended  only  to  show  the  student  the  best 
mode  of  manipulation  and  to  explain  abstract  conceptions, 
such  as  affinity,  the  law  of  combination  by  simple  mul- 
tiples, etc.  Recitations  serve  to  tell  the  student  whether 
he  has  conceived  correct  notions  as  the  result  of  his 
experiments.  Richter's  Inorganic  Chemistry  and  Smith 
and  Keller's  Laboratory  Notes  serve  the  student  as  text- 
book and  guide  in  the  laboratory  work. 

Examinations  are  held  at  the  end  of  each  term,  and 
no  student  having  conditions  in  chemistry  is  permitted  to 
continue  any  subsequent  part  in  the  course  until  those  con- 
ditions are  removed. 


QUALITATIVE   ANALYSIS. 
PROFESSORS  KOENIO  AND  SHARPLESS. 

Second  Year. — Fall  term,  fourteen  hours  a  week; 
winter  term,  ten  hours  a  week. 

The  fall  term,  and,  if  necessary,  part  of  the  winter 
term  of  the  second  year,  are  devoted  to  a  systematic 
course  in  Qualitative  Analysis.  The  student  having  already 
performed  'the  preliminary  experiments,  is  expected  to  be 
familiar  with  the  important  reactions  of  the  metals  and 
the  acids.  He  begins  by  studying  their  division  into 
analytical  groups,  and  then  proceeds  to  the  separation 
and  identification  of  the  individual  members  of  each 
group.  After  completing  this  work  he  is  given  mixtures, 
whose  composition  is  not  known  to  him,  for  qualitative 
examination.  These  mixtures  are  carefully  selected  and 
oraded;   their   number   depends   upon    the   accuracy  and 
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rapidity  with  which  the  student  accomplishes   the  detec- 
tion of  their  constituents. 

With  the  exception  of  three  class-room  recitations,  on 
Qualitative  Analysis,  on  Oxidation  and  Redaction,  and  on 
Stoichiometry,  the  instruction  is  confined  to  the  labor- 
atory. Daily  recitations  are  made  there;  students  are 
required  to  keep  a  complete  and  detailed  record  of  their 
work,  to  write  the  equations  representing  the  reactions 
involved  in  it,  and  to  explain  to  the  instructor  the  rea- 
sons for  each  operation  they  perform.  Fresenins's  Manual 
is  used. 


QUANTITATIVE   ANALYSIS. 
PROFESSORS  KOBNIQ  AND  SHARPLBSS. 

Third  Tear. — Fall  term,  ten  houss  a  week. 

The  course  in  Quantitative  Analysis  is  so  organized 
that  the  student  proceeds  from  the  complete  analysis  of 
a  simple,  soluble  salt  to  the  separation  of  the  constituents 
in  the  most  refractory  and  insoluble  mineral  body.  One 
or  more  representative  minerals  are  chosen  from  each 
group,  sulphides  and  sulphosalts  first  then  carbonates, 
phosphates,  silicates,  etc.  In  each  analysis  thofee  methods 
only  are  selected  which  will  give  the  best  results  in  the 
shortest  time.  Thus  gravimetric,  volumetric  and  optic 
methods  are  given  from  the  start.  In  order  to  be  a  can- 
didate for  a  degree,  a  student  must  have  made  at  lpast 
one  complete  and  correct  analysis  in  each  of  the  groups 
mentioned  above. 

A  complete  course  of  lectures,  supplemented  by  recita- 
tions,  accompanies   the   laboratory   practice.      The   chief 
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book  of  reference  is  Freeenius's  (the  students  are  required 
to  provide  themselves  with  it);  other  standard  works  and 
the  original  literature  are  also  constantly  consulted.  One 
of  the  instructors  is  always  present  in  the  laboratory 
during  the  regular  working  hours,  and  personal  assistance 
is  rendered  when  necessary. 


METALLURGICAL   ANALYSIS. 
PROFESSORS  KOENIO  AND  SHARPLESS. 

Third  Year. — Winter  term,  seven  hours  a  week. 

The  object  of  this  course  is  to  acquaint  the  student 
with  the  special  methods  of  analysis  that  are  in  use  in 
the  laboratories  of  metallurgical  establishments.  Special 
prominence  is  given  to  the  assay  and  complete  analysis  of 
iron  ores;  to  the  determination  of  the  impurities,  carbon, 
silicon,  phosphorus,  sulphur  and  manganese  in  pig  iron  and 
steel;  the  analysis  of  fuel,  slag,  limestone,  etc.  The 
student  is  taught  not  only  to  make  these  determina- 
tions accurately  (and  does  not  proceed  until  the  results 
are  perfectly  correct),  but  also  to  work  as  rapidly  as  is 
consistent  with  the  desired  degree  of  accuracy.  Complete 
sets  of  special  apparatus  have  been  procured  and  con- 
structed for  this  work.  Detailed  printed  directions  by 
Professor  Sharpless  are  used  as  a  guide,  and  most  of  the 
original  literature  is  also  accessible. 

The  aim  has  been  to  make  the  laboratory  appliances 
and  conveniences  as  complete  and  ample  as  possible.  The 
laboratories,  lecture,  balance,  and  supply  rooms  are  all  on 
the  same  floor.  The  laboratories  are  furnished  with  largo 
fume  chambers  which  have  a  good  draught,  and  are  sup- 
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plied  with  hot  plates  and  steam  baths.  The  tables  are 
furnished  with  sinks — one  for  each  pair  of  students — and 
have  abundant  gas  and  water  supplies.  Filter  pumps  are 
arranged  at  each  sink  so  as  to  provide  a  pump  for  each 
student.  The  laboratories  are  supplied  with  gas,  and  are 
well  lighted,  as  well  as  fully  equipped  with  all  the 
modern  appliances  needed  for  chemical  analysis.  The 
balance  room  is  provided  with  thirteeu  analytical  balances 
of  Becker  and  Sons'  or  Troemner's  make.  A  dark  room 
is  furnished  with  a  three-telescope  spectroscope  and  the 
necessary  auxiliary  apparatus  for  electric  examination.  A 
double  set  of  Hempers  apparatus  for  the  analysis  of  gases, 
and  Bunsen's  endiometric  apparatus  for  the  same  purpose, 
are  at  the  disposal  of  the  students. 


SYNTHETIC   CHEMISTRY. 
PROFESSOR  KOENIG. 

Fall  and  winter  terms:  hours  according  to  time  at  dis- 
posal of  student. 

This  course  is  offered  to  special  students  in  Chemistry 
and  to  those  regular  students  that  show  marked  aptness 
for  chemical  work  and  have  completed  the  work  in  this 
department  required  by  the  school.  The  aim  of  the 
course  is  to  train  the  student's  inventive  faculties.  Syn- 
thesis represents  the  real  end  of  Chemistry,  while 
analysis  is  merely  a  means  toward  that  end.  The  former 
is  the  basis  of  all  chemical  manufacture,  and,  therefore, 
the  part  of  the  science  which  to  the  apt  student  is  most 
lucrative. 

The   plan  of   the   course   is  as  follows:    The  professor 
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mention*  to  the  student  a  certain  process  in  which, 
according  to  his  knowledge  or  experience,  an  improve- 
ment is  possible,  such  as  the  treatment  of  titaniferous 
iron  ores,  for  example.  The  student  then  masters  all  the 
available  literature  on  the  subject  and  prepares  a  plan 
for  attacking  the  problem  by  experiment.  This  plan 
may  be  accepted  or  modified  by  the  professor.  As  a 
matter  of  course,  the  latter  will  perform  the  intellectual 
part  of  the  work;  the  student  in  most  cases  merely  executes 
his  directions,  but  while  thus  serving  as  an  adjutant  the 
student  will  learn  how  to  proceed  in  a  new  problem  (by 
himself).  Whether  such  experiments  prove  practically 
successful  or  not  is  not  very  material.  Negative  results 
are  as  valuable,  generally,  as  positive  ones. 

It  is  thought  that  this  course  may  lead  men  to  return 
from  business  life,  in  which  they  have  arrived  at  certain 
ideas,  to  this  school  to  avail  themselves  of  its  facilities 
in  their  proposed  experiments,  and  in  their  turn  bring  the 
school  into  closer  relations  with  the  world  of  practice. 


ASSAYING. 

PBOFE880B  SHARPLBSS. 


Thibd  Year. — Summer  term;  five  days  a  week,  two 
weeks. 

Instruction  is  given  in  the  fire  assay  of  gold,  silver, 
lead  and  copper  ores,  gold  and  silver  coin,  bullion,  cop- 
per "mineral"  and  slags. 

The  assay  laboratory  contains  ten  large  crucible  fur- 
naces and*  eighteen  muffle  furnaces  of  the  Brown  pattern, 
and  sixteen  crucible  and  muffle  gasoline   furnaces    (Hob- 
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kins's),  the  intention  being  to  provide  a  muffle  for  each 
student  and  so  avoid  the  inconvenience  of  making  one 
fnrnace  do  for  two  or  more  persons.  The  laboratory  is 
provided  with  a  Blake  and  a  Gates  crusher,  laboratory 
size,  to  be  run  by  power;  large  buck  plates,  large  and 
small  mortars,  sets  of  sieves,  etc.  The  weighing  room 
is  supplied  with  six  pulp  scales  and  five  button  bal- 
ances, of  Troemner's  and  Becker's  make,  for  use  in  this 
department. 

Of  the  two  weeks  devoted  to  assaying,  almost  all  the 
time  is  spent  in  the  laboratory;  lectures  and  recitations 
form  a  minor  portion  of  the  work.  One  hundred  and 
twenty-five  to  one  hundred  and  fifty  assays  are  made  upon 
samples  differing  as  widely  as  possible  in  composition, 
and,  consequently,  in  methods  of  treatment. 

Students  who  desire  to  pursue  this  course  must  have 
taken  one  term's  work  in  Quantitative  Analysts. 


ORE  DRESSING. 
PROFESSOR  SHARPLE88. 

Third  Year. — Fall  and  winter  terms,  one  hour  a 
week;  summer  term,  five  days  a  week,  four  weeks. 

During  the  fall  and  winter  terms  instruction  is  given 
in  the  theory  of  amalgamation  and  mechanical  treatment 
of  ores  previous  to  their  smelting. 

This  instruction  is  given,  for  the  most  part,  by  lectures, 
supplemented,  when  possible,  by  references  to  the  stand- 
ard literature  on  the  subject. 

The  ground  covered  by  the  lectures  includes: 
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I.  Physical  properties  upon  which  ore  dressing  opera- 
tions  are  based. 

II.  Theory  of  jigging,  and  slime  treatment. 

III.  Hand  dressing. 

IV.  Crushing-machinery;  jaw  crushers,  stamps,  rolls, 
pulverizers,  etc. 

V.  Sizing-machinery;  flat  and  revolving  screens,  tables, 
etc. 

VI.  Sorting-machinery;  jigs,  settlers,  etc. 

VII.  Typical  ore  dressing  works. 

With  each  mechanical  device  studied,  the  theory  of  its 
use,  its  advantages  and  disadvantages,  are  discussed,  and 
when  possible  the  machine  is  examined  in  the  Mining 
School  stamp  mill  or  in  one  of  the  stamp  mills  in  the 
vicinity.  When  no  machines  are  available  for  this  work, 
use  is  made  of  drawings  and  photographs,  with  which 
this  department  is  well  supplied. 

Daring  the  fall  and  winter  terms  considerable  time  is 
devoted  to  the  examination  of  drpssing-plants  near 
Houghton.  These  examinations  are  made  on  Saturdays, 
hnt  are  a  part  of  the  obligatory  work.  Students  are 
required  to  make  careful  notes  of  all  observations,  make 
sketches  of  plants  and  machinery,  and  make,  to  the 
instructor,  written  reports  of  such  observations. 

Dnring  the  spring  term  instruction  is  given  in  the 
Mining  Laboratory,  in  amalgamating  and  dressing  gold, 
silver,  lead  and  copper  ores. 

The  mining  laboratory  is  equipped  with  an  assortment 
of  modern  crushing,  sizing  and  sorting  machines,  and  is 
well  prepared  to  treat  free  milling  and  refractory  ores  by 
such  methods  as  analysis  and  mill  tests  show  to  give  the 
best  results.  Students  are  required  to  care  for  the 
machinery,  carry  out  the  dressing  operations,  and   check 
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their  results  by  fire  assay.  When  the  work  on  an  ore  has 
been  finished,  the  student  makes  his  report.  This  report 
includes  the  results  obtained  by  all  methods  used,  whether 
they  are  positive  or  negative,  as  well  as  the  method 
whioh  seems  to  be  the  most  economical  for  the  treatment 
of  the  ore. 

The  apparatus  at  the  disposal  of  a  student  at  present 
consists  of  the  following  pieces:  One  650-pound  three- 
stamp  battery,  for  wet  or  dry  crushing,  furnished  with 
copper  plates;  one  Blake  crusher;  one  Gates  crusher;  one 
sample  grinder;  one  pair  of  rolls;  one  amalgamating  pan ; 
one  settler;  two  jigs;  one  Calumet  separator;  one  spitz- 
kasten;  one  Frue  vanner;  apron  tables;  screens;  precipi- 
tating tanks;  and  settling  tanks  sufficient  to  enable  the 
student  to  check  all  his  results  by  assay. 

During  the  past  year  the  School  has  erected  a  7x10 
reverberatory  roasting  furnace.  This  will  enable  the 
students  to  treat  their  concentrates  and  refractory  ores, 
which,  heretofore,  they  have  not  been  able  to  do. 

It  is  required  that  this  course  be  preceded  by  the  first 
years  course  in  Physics,  and  second  year's  course  in 
Mathematics,  and  be  accompanied  by  the  third  years  course 
in  Metallurgy  and  Assaying. 


METALLURGY. 
PROFES80R    SHARPLBSS. 

Second  and  Third  Ybars. — Second  Year:  Pall  Term, 
four  hours  a  week.  Third  Year:  Fall  Term,  three  hours 
a  week ;  Winter  Term,  two  hours  a  week. 

Instruction  in  Metallurgy  is  given    during   the   second 
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and  third  years  in  lectures  and  recitations,  supplemented 
when  possible  by  the  use  of  text-books  and  visits  to  the 
metallurgical  works.  The  object  of  the  course  is  to  give 
the  student  a  thorough  foundation  in  the  fundamental 
principles  of  the  different  metallurgical  processes.  In 
studying  each  of  the  metals  special  attention  is  paid  to 
the  properties  of  the  commercial  forms,  and  to  the  effects 
of  impurities  upon  their  value  for  engineering  purposes. 
During  the  second  year,  fuel,  refractory  materials,  iron, 
steel  and  aluminum  are  discussed ;  the  various  ores  of 
iron ;  the  properties  of  cast  iron,  wrought  iron  and  steel ; 
the  methods  by  which  objectionable  elements  in  the  ore 
may  be  kept  out  of  the  finished  product,  or  their  effects 
neutralized ;  theory  and  description  of  blast  furnace  and 
puddling  process ;  puddled,  blistered,  and  crucible  steel ; 
acid  and  basic  Bessemer  steel ;  and  open-hearth  steel 
processes. 

During  the  third  year  the  metallurgy  of  copper,  lead, 
silver  and  gold  is  studied  by  lectures  and  frequent 
references  to  the  library.  It  is  the  aim  of  these  courses 
to  acquaint  the  student  with  the  best  modern  American 
methods  in  sufficient  detail  to  enable  him  to  make  an 
intelligent  choice  for  the  treatment  of  any  particular 
ore,  and  also  to  familiarize  him  with  the  modern 
metallurgical  literature. 

In  connection  with  these  courses  frequent  visits  are 
made  to  the  smelting  works  in  the  vicinity,  and  each 
student  is  required  to  report  upon  the  observations  made 
by  him. 

Students  taking  either  of  the  courses  in  Metallurgy  must 
have  taken  the  first  year's  courses  in  Chemistry  and  Min- 
eralogy. 
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MECHANICAL  ENGINEERING. 

PROFESSOR  EIDWKLL  AXD  MR.    BOTT. 

The  course  in  Mechanical  Engineering  has  been  made 
sufficiently  fall  to  give  the  student  a  good  prepaiption 
for  actual  work,  and  to  point  out  the  lines  of  study  to 
be  pursued,  should  he  desire  to  continue  the  subject 
after  graduation.  The  following  is  a  detailed  statement 
of  the  course: 

Second  Year. — Winter  term,  two  hours  a  week. 

Properties  of  Materials  of  Engineering: — Lec- 
tures on  cast  and  wrought  iron;  steel;  copper  and  its 
important  alloys;  tin;  zinc;  antimony;  bismuth;  timber: 
and  lubricating  oils. 

The  course  includes  a  full  discussion  of  methods  of 
manufacture  of  the  various  grades  of  material,  forms  in 
which  they  appear  in  the  market,  their  adaptation  to  the 
purposes  of  the  engineer,  methods  of  preserving  materials 
from  corrosion  and  decay,  etc.  The  course  is  supple- 
mented by  practical  work  in  testing,  for  details  of  which 
see  section  on  Mechanics  of  Materials. 

No  student  may  take  this  course  who  has  conditions  in 
Physics. 

Courses  of  lectures  are  also  given  on  stone,  cement, 
concrete,  brick,  their  properties  and  general  qualities, 
mode  of  preparation  and  their  combinations  in  construc- 
tion, etc.,  for  the  details  of  which  see  sections  on  Hy- 
draulics and  Economic  Geology. 

Winter  Term,  three  hours  a  week. 

Mechanism:  Laws  of  Motion;  link  work;  cams;  teeth 
of    wheels,  with    use   of    odoutograph;    wheels    in  trains; 
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aggregate  motion;  miscellaneous  problems  in  Applied 
Mechanics,  with  applications.  Power-transmitting  ma- 
chinery: pulleys,  belting,  hangers,  shafting,  clutches,  etc., 
and  determination  of  proper  sizes  for  particular  duties. 
Taught  partly  from  lectures,  partly  from  Goodeve's 
Elements  of  Mechanism   as  a  text  book. 

No  student  may  take  this  course  who  has  conditions  'in 
Mathematics,  Mechanics  or  Drawing. 

Third  Year. — Winter  Term,  one  hour  a  week. 

Engineering  Appliances. — Steam  gauges;  lubricators; 
safety  valves;  reducing  valves;  steam  traps;  feed  heaters  and 
purifiers;  steam  separators;  damper  regulators;  the  various 
styles  of  patent  grates;  steam  pipe  and  fittings;  boiler  and 
pipe  coverings;  rubber,  leather  and  copper  belting,  etc. 
Taught  partly  by  lectures,  and  partly  from  the  various 
manufacturers^  trade  circulars. 

This  course  must  be  preceded  by  the  first  term's  work  on  the 
Steam  Engine. 

A  large  and  very  complete  library  of  trade  circulars 
from  the  leading  industrial  establishments  is  kept  up  to 
date,  and  is  constantly  re 'erred  to  in  these  lectures. 
These  catalogues  are  at  the  service  of  the  general  public 
as  well  as  of  the  students. 

Pall  Term,  five  hours  a  week;  Winter  Term,  four  hours 
a  week. 

The  Steam  Engine  and  Allied  Subjects. — (a)  An 
elementary  course  on  the  thermodynamics  of  air  and 
steam  engines;  the  relation  between  the  size  and  the 
power  of  an  engine;  the  mechanics,  mechanism,  and  details 
of  steam  engines;  valves  and  valve  gears;  indicator  dia- 
grams, their  interpretation,  and  methods  of  working  them 
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up;  the  various  kinds  of  boilers,  their  fittings,  and  the 
relative  size  of  the  various  parts;  fuel  and  heat  developed 
daring  combustion;  condensation  and  condensers;  cause* 
of  low  efficiency  in  steam  engines;  the  influence  of  com- 
pounding cylinders;  injectors,  inspirators,  and  ejector 
condensers;  boiler  chimneys.  (Holmes's  The  Steam  Engine, 
supplemented  with  lectures.) 

(b)  Steam  pumps,  with  discussion  of  the  typical  forms 
in  use, — taught  by  lectures,  (c)  Instruments  and  appli- 
ances used  in  boiler  testing,  such  as  dynamometers,  steam 
engine  indicators,  polar  planimeters,  speed  counters, 
pyrometers,  calorimeters,  etc.  Lectures,  (d)  Practical 
work  in  testing,  on  Saturdays  during  winter  term. 

The  department  is  well  equipped  with  apparatus  for 
work  scheduled  in  (c)  and  (d).  Among  the  instruments 
on  hand  are  one  Crosby  and  one  Tabor  indicator,  with 
full  complement  of  springs,  Heath  stop- watch,  two  polar 
planimeters,  Ashcroft  revolution  counter,  Schaeffer  and 
Budenberg  tachometer,  lazy  tongs  and  other  reducing 
gears,  Ashcroft  pyrometer,  set  of  ten  Green's  standard 
thermometers,  Haisler  and  Barrus  calorimeters,  water 
meters,  Ashcroft  boiler  test  pump,  steam  gauge  testing 
machine,  etc.  There  are  also  on  hand  a  number  of  cut 
models  of  injectors,  etc.,  for  illustrating  lectures. 

The  Four  Years' s  Course. 

The  adoption  of  the  Four  Years's  Course  will  enable 
the  work  in  this  department  to  be  made  more  efficient 
by  extending  the  lectures  over  three  years,  instead  of 
two  as  at  present.  The  subjects  of  Mechanism,  Mechanics 
of  Materials,  Properties  of  Materials,  and  the  introductory 
work  in  Mechanical  Engineering  will  all  be  given  during 
the  first   three  years,  enabling   the  advanced  work  of  the 
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fourth  year  to  bo  increased  in  toope.  The  in  created 
time  available  will  also  permit  the  introduction  of  a 
special  coarse  of  lectures  on  Mining  Machinery  during 
the  winter  term,  and  five  weeks  extra  work  in  the  Test- 
ing Laboratory  dnring  the  last  summer  of  the  course. 


MECHANICS  OF  MATERIAL. 
PBOFE880R  KIDWBLL. 

Third  Year.— Fall  Term,  three  hours  a  week. 

Application  op  the  Principles  of  Statics  to  Rigid 
Bodies;  elasticity  and  resistance  of  materials;  cantilevers; 
simple,  restrained  and  continuous  beams;  bodies  of  uniform 
strength;  riveting;  torsion  of  shafts;  combined  stresses; 
computation  of  proper  sizes  and  proportions  of  beams, 
columns  and  shafts.  (Merri man's  Mechanics  of  Materials, 
supplemented  with  lectures.) 

Testing  of  Materials  of  Engineering. —Such  as 
wrought  and  cast  iron,  steel,  brick,  stone  and  slate.  Lec- 
tures, recitations,  practical  work  in  the  Laboratory  on 
Saturdays.  Each  student  makes  a  series  of  tests  in  ten- 
sion, compression,  torsion,  shearing,  and  cross  breaking, 
on  laboratory  testing  machines. 

The  School  is  provided  with  a  100,000  lb.  machine 
fitted  for  tests  in  tension,  compression,  cross-breaking  and 
•hearing;  a  Thurston  autographic  torsion  machine,  an 
OUen  2,000  lb.  oement  tester,  and  an  Ashoroft  oil  test- 
ing machine.  There  are  also  on  hand  a  Henning  electric 
contact  micrometer  for  measurement  of  extension,  an 
electric  micrometer  for  compression  tests,  a  B.  &  S.  vernier 
caliper,  and  several  micrometer  calipers. 
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Those  having  materials  to  be*  tested  should  make  ap- 
plication to  the  professor  in  charge  of  the  department, 
and  make  definite  arrangements  with  him  for  the  precise 
work  they  desire  to  have  done. 

No  student  may  take  these  subjects  who  has  conditions  in 
Mechanics,  Mathematics,  or  Properties  of  Materials. 


SUMMER    COURSE    IN    SHOP   PRACTICE. 
'PROFESSOR  KIDWELL,  MR.   HOYT  AND  MR.   CRAIG. 

Summer  Term,  five  days  a  week. 

The  entire  summer  term  of  the  second  year  of  the 
course  is  devoted  to  shop  work.  In  the  Machine  Shop 
instruction  is  given  in  chipping,  filing,  scraping,  general 
vise  work,  pipe  fitting,  and  use  of  machine  tools.  In 
the  Pattern  Shop  a  course  in  bench  work,  making  joints, 
turning,  etc.,  precedes  actual  practice  in  pattern  making. 
All  work  done  in  both  shops  is  to  blue  prints  made  in 
the  Drawing  Room.  The  shop  work  is  planned  with 
special  reference  to  the  needs  of  the  School,  and  such 
models  of  valves,  link  motions,  mechanical  movements, 
etc.,  as  are  needed  for  lecture  purposes,  will  be  made  by 
the  students.  All  articles  made  in  the  shops  are  con- 
sidered as  the  property  of  the  School. 

The  equipment  of  the  shops  has  been  carefully  selected, 
and  will  be  increased  as  fast  as  the  School  requires  it. 
The  machine  shop  contains  work  benches  for  twelve 
students,  a  24-inch  by  16-foot  New  Haven  Tool  Co. 
engine  lathe,  a  Prentice  screw-cutting  lathe,  two  hand 
lathes,  a  34-inch  automatic  feed  Blaisdell  drill  press,  a 
20-inch  Lodge  and  Davis  drill  press,  a  16-inch  Gould  and 
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Eberhardt  shaper,  a  Whitcomb  planer  of  capacity  8x2x2 
feet,  a  Brainard  No.  4  Universal  milling  machine,  one 
J  t  wet  and  two  dry  emery  grinders,  and  several  smaller  machine 
tools.  The  assortment  of  chucks,  taps,  drills,  reamere* 
and  general  tools  is  very  complete.  For  practice  in  pipe 
fitting  a  separate  bench  has  been  provided,  and  a  com- 
plete set  of  pipe  tools  and  fittings  up  to  two  inches 
inclusive  is  in  stock.  The  Pattern  Shop  contains  two 
Clement  wood  lathes,  a  33-inch  Fay  hand  saw,  Beach 
jig  saw,  emery  and  grindstones,  Pedrick  and  Ayer  gouge 
grinders,  a  very  complete  assortment  of  hand  tools  and 
appliances,  and  work  benches  for  eighteen  students. 
Each  student,  in  each  shop,  has  a  separate  work  bench, 
locker,  and  set  of  hand  tools,  for  which  he  will  be  held 
responsible.  Any  damage  to  tools,  or  other  part  of  the 
equipment,  beyond  wear  and  tear  by  legitimate  use,  will 
be  charged  to  the  student  accountable  for  it. 

The  check  system  of  accounting  for  tools  is  used  in 
both  shops,  thus  familiarizing  the  student  with  its  oper- 
ation by  actual  practice.  Both  shops  will  be  lighted  with 
electricity,  furnished  by  a  No.  4  Edison  dynamo  in  the 
testing  room.  Power  for  shops,  is  supplied  by  a  9x9  inch 
New  York  Safety  vertical  high  speed  engine,  arranged 
to  take  steam  either  from  the  boilers  in  the  building,  or 
from  the  boiler  in  the  Stamp  Mill.  In  the  Stamp  Mill 
are  an  8x12  Buckeye  automatic  engine,  and  a  variety  of 
milling  machinery  available  for  study. 

To  familiarize  the  students  with  the  operation  and  care 
of  machinery,  each  one  will  be  detailed  from  time  to 
time  to  fire  the  boiler,  run  the  engine,  clean  and  oil  the 
machinery,  and  to  perform  such  other  duties  as  the 
instructor  in  charge  may  asssign  him. 

JVb  students  having   conditions  in   Dramng,  Mechanics, 
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or    Properties   of  Materials,  may   takt   this   course,  except 
those  who  enter  for  shop  work  only. 

Special  Students  in  Shop  Work. 

Since  the  summer  term  of  1892,  persons  desiring  to 
take  shop  work  only,  and  devote  all  their  time  to  it. 
may,  in  caae  there  is  room  for  them,  he  admitted  as 
special  students,  on  presentation  of  evidence  that  they 
can  pursue  the  course  with  profit.  Such  special  students 
must  be  of  the  age  prescribed  for  entrance,  and  should 
hare  had  the  equivalent  of  a  high  school  course.  Appli- 
cation should  be  made  to  the  Professor  in  charge  of  the 
work  not  later  than  one  week  before  the  course  opens  in 
July.  No  student  wiU  be  allowed  to  enter  the  course  after 
the  first  week  of  the  summer  term. 


ELECTRICAL  ENGINEERING. 
FttonasoB  kidwkul. 

The  growing  tendency  toward  the  more  extended  use 
of  electricity  in  mining,  both  as  an  illuminant,  and  as  a 
motive  power  for  hauling,  and  operating  portable 
machinery,  will  require  of  the  Mining  Engineer  of  the 
future  a  working  knowledge  of  Electrical  Engineering; 
hence  an  elementary  course  in  that  subject  is  prescribed 
for  all  regular  students  in  this  institution. 

The  instruction  will  be  made  as  comprehensive  as  the 
time  available  will  permit,  and  special  care  will  be  taken 
to  familiarise  the  student  with  the  fundamental  principles 
of  the  science.  Sufficient  ground  will  be  covered  to 
enable  him  to  understand  the  electrical  machinery,  appli- 
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ances,  and  processes  in  general  use,  and  give  him  a  good 
foundation  for  more  advanced  work,  should  he  desire  to 
devote  himself  more  particularly  to  Electrical  Engineer- 
ing after  graduation. 

The  preparatory  course  in  Electricity  given  in  Physics 
is  supplemented  with   the  following: 

Third  Ybab. — Fall  and  Winter  Terms,  four  hours  a 
week. 

Electrical  Instruments  and  Measurements:  Pri- 
mary batteries,  the  various  forms  of  ammeters,  voltmeters, 
bridges,  resistance  sets,  etc.,  and  the  methods  of  using 
them  in  making  measurements  of  current,  electromotive 
force,  insulation  resistance,  and  in  determining  faults, 
etc.     Power  and  its  measurement. 

Electrical  Engineering  :  Theory  of  the  dynamo, 
both  direct  and  alternating  current,  with  description  and 
discussion  of  the  typical  forms  in  general  use;  motors  and 
their  applications;  transformers;  stage  batteries;  wiring; 
fittings;  etc.  (Slingo  and  Brooker's  Electrical  Engineer- 
ing supplemented  with  lectures.)  Discussion  of  electrical 
machinery  in  hauling,  hoisting,  drilling,  and  other  min- 
ing uses.     (Trade  circulars.) 

A  12k  Edison  dynamo  has  been  set  up  in  the  testing 
room,  and  is  wired  to  light  the  mechanical  engineering 
laboratories.  There  are  also  a  2hp  Sprague  motor 
arranged  to  drive  some  of  the  testing  machinery,  several 
Ayrton  and  Perry  ammeters  and  voltmeters,  Beyman 
Ammeters,  storage  cells,  and  a  number  of  other  instru- 
ments for  electrical  work. 

No  student  may  take  this  course  who  has  conditions  in 
Mathematics,  Physics,  Mechanics  or  Drawing. 
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PLANE  SURVEYING. 

PROFESSOR  DZ2CTON. 

First  Yeak. — Winter  Term,  two  boors  a  week. 

The  coarse  id  surveying  is  designed  to  be  practical  a*d 
complete  as  far  as  regards  the  ordinary  wants  of  a  mining 
or  civil  engineer.  The  coarse  begins  in  the  winter  term 
of  the  first  year.  This  part  of  the  coarse  is  devoted  ex- 
clusively to  the  study  of  the  computations  necessary  in 
plane  surveying,  and    to  the  making  of  maps  and  scales. 

Johnson's  Theory  and  Practice  of  Surveying  is  need 
as  a  text-book.  The  Topographical  Drawing,  which  is  in 
charge  of  the  same  instructor,  is  arranged  with  special 
reference  to  this  course,  and  the  two  subjects  are  made 
to  harmonize,  and  to  prepare  the  student  to  perform  the 
practical  work  of  the  summer  course  in  surveying  with 
facility. 

Understanding  the  computations  and  the  methods  of 
plotting,  the  student  is  able  to  appreciate  the  different 
methods  of  collecting  data,  and  can  devote  his  whole 
attention  to  them,  and  to  the  practical  work.  To  take 
thin  course  the  student  must  have  passed  in  all  the  preceding 
Mathematics. 


S(  MMEK   COURSE    IX    SURVEYING. 
PROFESSOR   DENTON. 

First  Year. — Summer  Term,  five  days  a  week. 

During  eleven  weeks  of  each  summer  a  special  course 
of  surveying  will  be  conducted.  Attendance  upon  thin 
course  is  obligatory  for  all    regular   students  that  intend 


Departments  of  Instruction.        '  87 

to  complete  the   first  year.      The   object  of   this  summer 
course  is  two  fold: 

First,  to  give  the  regular  students  more  thorough  and 
extended  practice  in  the  field  than  it  is  possible  to  do 
while  other  school  work  is  being  carried  on.  Second,  to 
provide  a  thorough,  practical  course  in  surveying  for 
persons,  other  than  regular  students,  who  may  be  desir- 
ous of  becoming  surveyors,  or  who  may  wish  to  obtain 
practical  experience  in  the  subject.  There  is  perhaps  no 
course  of  study  which  can  be  offered  by  an  institution, 
that  will  give  so  quick  and  profitable  returns  for  the 
money  and  time  expended  by  the  pupil,  as  a  thorough, 
practical  course  in  surveying,  since  employment  at  a  fair 
salary  can  almost  always  be  obtained  by  a  competent 
surveyor. 

In  this  summer  course  study  and  practical  work  are 
combined. 

Johnson's  Theory  and  Practice  of  Surveying,  last 
edition,  is  used  as  a  text-book,  being  supplemented  when 
necessary  with  lectures.  Generally  the  first  hour  of  the 
day  is  devoted  to  class-room  work  and  the  remainder  of 
it  to  field  work. 

The  subjects  studied  comprise  the  use  and  adjustments 
of  surveying  instruments,  and  methods  of  surveying. 

For  field  work  the  students  are  divided  into  squads  of 
from  two  to  five  men  each.  Each  squad  is  required  to 
make  a  certain  number  of  surveys,  and  each  member  of 
the  squad  has  to  make,  from  the  work  done,  a  full  set 
of  notes,  computations  and  maps. 

The  field  work  consists  of: 
1.  Exercises  in  pacing,   with    a   detailed    survey    of  a 
field  by  pacing. 
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2.  Practice  in  chaining  distances  aad    m   laying  off 
right  angles  and  parallel  lines  with  the  chain 

3.  Practice  in  ranging  lines   with   sight    pojes   ander 
different  conditions. 

4.  Exercises   in   Trading   compass   bearings. 

5-  Detailed  surer  of  a  farm,  made  b y  awnr  of  aolar 

and  chain. 
6.  Adjustment  of  the  hand  level,  and    pracuce  in  its 


7.  Topographical  snrrey  on  the  rectangular  plan, 
with  compass,  chain  and  hand  lereL 

8.  Adjustment  of  the  transit,  and  exercises  in  reading 
the  angles  of  a  triangle  bj  the  repetition  method. 

9.  Determination  of  the  true  meridian  bj  observations 
on  Polaris  and  on  the  son,  and  by  means  of  aolar  attach- 
ments to  the  transit. 

10.  Banning  a  close  traverse,  the  angles  being  deter- 
mined bj  repetition,  the  distances  measured  with  a  steel 
tape,  and  afterwards  corrected  for  inclination,  catenary, 
and  temperature. 

11.  Banning  an  aximnth  traTerse  arocnd  a  polygon, 
the  distances  being  measured  by  a  telemeter. 

12.  City  surveying,  laying  oat  lots  and  streets,  and 
determining  the  position  of  boose  and  fence  lines. 

13.  Adjustment  of  the  Wye  level,  and  running  line  of 
levels  about  one  mile  in  length. 

H-  Surrey  of  a  mining  claim,  with  transit,  according 
to  government  regulations. 

15.  Betracing  and  subdividing  of  a  section  of  land  in 
n-cordance  with  the  United  States  Government  field  notes. 

16.  Topographical  survey  with  the  plane  table,  baaed 
upon  a  system  of  triangulation  with  the  transit. 

IT.  Topographical  surrey  with  transit  and  stadia. 
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18.  Railroad  survey.  About  one  mile  of  road  is  located, 
slope  stakes  set,  profiles,  maps  and  cross  sections  made, 
and  the  cuttings  and  embankments  calculated. 

The  Mining  School  owns  the  following  set  of  instru- 
ments: One  plane  table  from  Buff  and  Berger;  nine 
transits,  three  from  Buff  and  Berger,  three  from  Heller 
and  Brightly,  two  from  Gurley;  five  Burt  solar  compasses; 
five  magnetic  compasses;  fifteen  Locke  hand  levels.  In 
addition  to  these  more  expensive  instruments,  the  School 
owns  the  necessary  number  of  mining  lamps,  chains,  steel 
tapes,  poles,  rods,  etc. 

Two  of  the  transits  are  provided  with  three  tripod  out- 
fits for  mine  surveying,  and  all  the  transits  are  adapted 
to  mine  as  well  as  surface  work. 

Persons  that  wish  to  join  the  Summer  Course  only,  are 
required  to  prepare  themselves  upon  the  first  two  books 
of  Davies's  Surveying  revised  by  Van  Amringe,  in  the 
subjects  of  Plane  Trigonometry,  Logarithms  and  Mensu- 
ration. 

Those  attending  the  Summer  Course  should  provide 
themselves  with  Johnson's  Theory  and  Practice  of  Sur- 
veying, last  edition,  a  pair  of  six-inch  dividers  with  pen 
and  pencil  attachments,  a  right  line  pen,  a  decimal  scale, 
a  large  triangle,  a  T  square,  medium  and  hard  pencils, 
and  a  twenty-five  foot  steel  pocket  tape  graduated  to  feet 
and  tenths.  These  articles  are  indispensable,  but  addi- 
tional drawing  instruments  will  be  found  convenient. 

The  furnishing  of  the  surveying  apparatus  by  the 
Mining  School  is  a  considerable  expense  to  the  institution, 
and  while  losses  due  to  ordinary  and  legitimate  wear  and 
tear  of  the  instruments  are  borne  by  the  school,  any 
injuries  due  to  carelessness  on  the  part  of  the  student 
must  be  made  good  by  him. 
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The  summer  coarse  in  Surveying  will  commence  each 
year  about  the  first  of  July,  and  all  persons  who  desire 
to  attend  are  requested  to  send  in  their  names  early  to 
Professor  Denton,  in  charge  of  the  course,  in  order  that 
proper  provision  may  be  made  for  them.  This  course, 
like  all  others  in  the  School,  is  free  to  any  one  who  is 
properly  qualified,  whether  a  resident  of  the  State  of 
Michigan   or  not.     The    course    is    given    in   Houghton. 

Regular  students,  in  order  to  take  this  course,  must  have 
passed  in  all  the  preceding  Mathematics  and  Plane  Sur- 
veying. 


MINE  SURVEYING. 
PBOFE8SOR    DENTON. 

Second  Year. — Winter  Term,  two  hours  a  week;  Spring 
Term,  two  weeks. 

Instruction  in  Mine  Surveyiug  is  given  to  the  second 
year  students  by  means  of  text-books,  lectures  and  reci- 
tations. Many  practical  problems  are  assigned  the  stu- 
dents, to  be  solved   by  them. 

A  portion  of  the  six  weeks  spent  at  the  mines  during 
the  spring  term  is  occupied  in  making  a  mine-survey. 
Each  student  is  required  to  make  a  full  set  of  computa- 
tions and  maps  based  upon  his  survey. 

Students  taking  this  course  must  liave  passed  in  thspre- 
vetting  tntrk  in   Minify  and  Plane  Surveying. 
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HYDRAULICS. 
PROFESSOR  DENTON. 

Winter  Term,  three  hoars  a  week. 

Instruction  in  this  course  is  given  with  the  aid  of  a 
text-book,  especial  attention  being  paid  to  the  solution 
of  practical  problems.  The  course  involves  the  flow  of 
water  through  orifices,  pipes  and  canals,  and  over  weirs, 
the  calculation  of  sizes  of  pipes  and  conduits  to  convey 
given  discharges,  the  construction  of  dams,  reservoir 
walls,  etc.  Water  power  and  water  motors  are  discussed 
at  length.  Merri man's  Treatise  on  Hydraulics  is  used 
as  a  text-book.  In  this  course  are  also  considered  briefly 
materials — stone,  cement,  concrete,  brick,  their  proper- 
ties and  general  qualities,  mode  of  preparation,  and  their 
combinations  in  construction;  structures — masonry  con- 
struction, theory  and  practical  building  of  retaining 
walls,  foundations,  etc. 

Students  taking  this  course  must  have  passed  in  the  pre- 
ceding course  in  Mathematics. 


MINING. 

PROFESSOR   DENTON. 

Second  Year. — Winter  Term,  two  hours  a  week;  Spring 
Term,  four  weeks. 

The  course  consists  of  a  series  of  lectures  illustrated 
by  diagrams,  photographs,  and  sketches.  The  students 
may  make  full  notes  of  these    lectures,  and   are  required 
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to  recite  upon  them  at  short  intervals.  The  work  is 
arranged  *  to  cover,  as  thoroughly  as  the  time  allotted 
will  permit,  the  various  operations  that  are  necessary  in 
miniDg  enterprises. 

The  following  outline  of  subjects  will  give  an  idea  of 
the  ground  covered. 

1st.     Surface  Excavation: 
Determination    of   the   amount   and    character   of    the 
material  to  be  removed,  methods  of  excavation,  compara- 
tive cost  and  economy  of  different   methods  of  removing 
excavated  material. 

2nd.     Explosives  : 
Gunpowder  ;  constituents,  manufacture,  properties. 
Higher  explosives ;  constituents,    manufacture,    proper- 
ties,   precautions    necessary,    comparative    strength,    and 
special  advantages  ;  testing. 

3rd.     Drilling  : 
Hand  drilling,  types  of  drills. 

Machine  drills  ;  description,  careful  study  of  successful 
forms  of  machines,  rate  of  drilling,  repairing,  cost. 

4th.     Blasting  : 
Theory  of  blasting,  with  reference  to  the  calculation  of 
amount  of  ox  plosives  necessary  for  large  blasts ;   location 
of    holes,    charging,  tamping,    firing    by    fuse    and    elec- 
tricity. 

Sth.     Air  Compressors  : 
Conditions    of    working,    types.,    special    study    of    the 
Hand  and  Ingersoil  Compressors. 

dth.      PR08PECTING  : 

Different  methods  ;  deep  prospecting,  by  oil  well  boring 
method,  by  diamond  drills  ;  conditions  under  which  the 
different  method*  are  applicable,  and  their  cost, 
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7th.     Shaft  Sinking  : 
Through  easy  ground   by  ordinary  methods.     Study   of 
the  methods  used  successfully  in   sinking   through    diffi- 
cult ground,  cost  and  comparative  merits. 

8th    Drifting. 

9th.    Methods  of  Exploitation  : 
Typical  methods   for    narrow   and    for  wide    veins   and 
beds,  including  coal  mining. 

10th.     Underground  Transportation  : 
Tramming,  mule  and  mechanical  haulage;  construction 
of  cars. 

11th.    Hoisting  : 
Inclined  and  vertical  shafts,  style  of  engines,  automatic 
and  safety  devices,  cages,  skips,  wire  ropes. 

12th.     Mine  Drainage: 
Adits,  collecting  water,  raising  the  water  with  winding 
machinery,  Cornish  and  direct  acting  pumps. 

13th.    Mine  Ventilation  and  Lighting. 

14th.   Accidents  and  Mine  Accounts. 

In  connection  with  this  work,  frequent  visits  to 
neighboring  mines  are  made,  where  the  machinery  and 
processes  described  can  be  seen  by  the  student  in  actual 
operation.  In  order  to  make  these  visits  of  permanent 
value  to  the  student,  he  is  required  to  write  a  descrip- 
tion of  the  mine  visited,  accompanying  his  description 
with  sketches,  showing  dimensions  and  details  of  certain 
pieces  of  machinery,  or  other  objects,  that  may  have 
been  indicated  to  him. 

.  During  six   weeks   of   the   spring   term   of  the  second 
year,   the   class   in    mining    is   occupied   in   studying  at 
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borne  of  the  neighboring  mine*.  About  two  week*  of 
this  time  are  given  to  making  mine  surreys  and  the 
remainder  to  the  detailed  study  of  mining  operations. 


CRYSTALLOGRAPHY. 

THE  DIRECTOR  AKP    ASSISTANTS. 

First  Year — Fall  Term,  eleven  hoars  a  week,  five 
weeks. 

Instruction  in  this  subject  is  given  by  means  of  lec- 
tures and  laboratory  practice  in  determining  the  forms 
and  planes  of  glass  and  wooden  crystal  models,  and 
natural  crystals,  with  recitations  and  examinations  upon 
the  same.  The  instruction  is  given  in  connection  with 
the  course  in  Mineralogy  and  therefore  is  confined  to 
training  the  student  in  that  practical  knowledge  of 
crystal  forms  which  he  needs  in  his  Determinative 
Mineralogy.  Crystallography  is  further  discussed  in 
connection  with  the  course  in  Petrography.  For  pur- 
poses of  instruction  in  this  subject  the  laboratory  is 
supplied  with  the  following  collections: 

Crystal  Models  in  Glass 161 

Crystal  Models  in  Wood  and  Plaster 3,163 

Natural   Crystal* 1,800 

4,104 
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MINERALOGY. 

THE   DIRECTOR  AND  ASSISTANTS. 

First  Ybar — Fall  Term,  eleven  hours  a  week,  nine 
weeks;  Winter  Term,  eleven  hours  a  week,  fourteen  weeks. 

For  Determinative  Mineralogy  there  is  provided  a 
typical  set  of  all  the  important  minerals,  special  atten- 
tion being  paid  to  those  of  economic  value,  as  well  as 
to  those  occuring  as  gangue,  or  rock-forming  minerals. 
Special  collections  are  arranged  showing  the  physical 
characters  of  minerals,  their  pseudomorphs,  etc. 

These  minerals  are  arranged  in  drawers,  labeled,  and 
are  at  all  times  freely  accessible  to  the  student. 

Beside  the  typical  collection  of  minerals,  there  are 
placed  in  drawers  a  large  number  of  specimens  of  the 
same  mineral  species.  These  are  arranged  in  convenient 
groups,  but  are  unlabeled.  These  specimens  are  selected 
so  as  to  represent  as  great  a  variety  of  form,  appearance 
and  locality  as  possible,  in  order  that  the  student  may 
be  familiar  with  all  the  types  that  he  will  be  likely  to 
meet  with  in  his  professional  practice.  Drawers  of  these 
unlabeled  minerals  are  assigned  to  each  student,  who  is 
required  to  determine  them  and  to  recite  upon  them. 
He  is  required  to  do  that  which  the  practical  mineralogist 
does;  to  determine  his  minerals  by  the  shortest  method 
possible,  consistent  with  accuracy,  the  method  to  vary 
according  to  the  specimen.  To  this  end  every  method  of 
determination  short  of  quantitative  analysis  is  employed; 
that  is,  in  each  case  the  crystal  form  and  other  physical 
characters  are  used,  as  well  as  the  blowpipe  and  wet  tests, 
•0  far  as  they  may  be  needed. 

After   the   student   has   studied   and  recited  upon  the 
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specimens  contained  in  a  sufficient  number  of  drawers  of 
one  group,  he  is  then  assigned  to  drawers  containing  the 
unlabeled  minerals  of  another  group,  which  have  mixed 
with  them  specimens  of  the  preceding  group  or  groups. 
In  this  way  each  student  is  required  to  determine  in  his 
course  from  3,000  to  6,000  different  mineral  specimens, 
belonging  to  the  301  selected  species. 

The  instruction  is  based  on  the  sixth  edition  of  Profes- 
sor James  D.  Dana's  System  of  Mineralogy,  revised  by 
Professor  Edward  S.  Dana,  1892,  and  every  student  is 
expected  to  provide  himself  with  a  copy.  In  addition, 
or  supplementary,  to  this  work  there  is  given  a  series  of 
lectures  and  notes  by  the  Director,  in  which  the  charac- 
teristic features  of  each  mineral,  its  uses,  and  the  practi- 
cal methods  employed  to  distinguish  each  one  are  pointed 
out.  Especial  attention  is  given  to  the  methods  needed 
in  the  field  and  mine,  when  one  can  not  have  recourse 
to  a  chemical  laboratory.  Every  effort  is  made  to  train 
the  student  to  close,  accurate  observation,  to  reason  cor- 
rectly upon  what  he  sees,  and  to  exercise  good  judgment 
in  his  decisions. 

The  result  of  this  work  is  such  that  a  student  not 
only  knows  how  to  proceed  in  order  to  determine  any 
mineral  that  he  may  meet,  but  he  is  also  enabled  to 
recognise  at  sight,  or  by  simple  tests,  the  great  majority 
of  specimens  belonging  to  the  three  hundred  and  one 
mineral  species  that  he  is  required  to  study  in  his  course. 

During  the  summer  term  of  1892  the  entire  mineral 
collection  was  rearranged  to  correspond  to  the  sixth  edi- 
tion of  Dana's  System  of  Mineralogy,  with  the  exception 
of  some  modifications  that,  it  was  thought,  would  enable 
the  student  to  do  his  determinative  work  in  an  easier 
and  better  way. 
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Beside  the  collections  given  under  the  head  of  Crys- 
tallography there  are  the  following  for  use  in  the 
laboratory  work  in  Mineralogy: 


Collection  illustrating  Physical  Properties,   Pseudo- 

morphs,  etc., 

Lecture  Collection 

First  Series «...  2,500 

Second  Series 2,100 

Third  Series 1,275 

Fourth  8eries 3,225 

Fifth  Series 1,525 

Sixth  Series- 1,850 

Seventh  Series 1,425 

Review  Series 3,125, 


Practice  Collection 


285 
10,000 


17,025 


m.  27,810 

In  order  that  the  special  mineralogical  work  done  in 
this  institution  can  be  better  understood  by  persons  seek- 
ing information  upon  this  point,  and  in  addition  to 
serve  as  a  guide  to  the  pupil  in  referring  to  the  lecture 
specimens,  the  appended  tables  are  given  of  the  species  to 
be  studied  in  the  laboratory  work  in  this  course.  The 
system  of  numbering  is  that  adopted  by  Professors  Brush, 
of  Yale,  and  Cooke  of  Harvard;  the  original-collection 
numbers  increase  by  ten  each  time  in  order  to  allow  of 
interpolations  of  new  specimens  without  having  to 
renumber  those  already  in  the  lecture  collection. 

The  tables  only  show  the  numbers  of  the  specimens  be- 
longing to  the  species  upon  which  laboratory  work  is 
given,  and  not  those  of  the  other  species  represented  in 
the  lecture  collection. 
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106,107 

42 

112 

42 

114, 116 

42 

122,128 

42* 

129-128 

42,48 

120,180 

48 

181-184 

43 

184,186 

43 

137-141 

48,44 

148-146 

44,45 

147-149 

45 

10820-10680 

10640-10660 
10680-10736 

10780-10986 

10008-11286 
11200-11800 

11860-11420 
11480-11640 

11680-12000 
12060-12190 

12210-12820 


20 
10 


10 
22 


61 
20 
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PETROGRAPHY. 

DRS.   LANE  AND  PATTON. 

The  main  object  of  this  coarse  is  to  enable  the 
students  to  use  the  petrographical  microscope  in  the 
determination  of  minerals  and  rocks,  but  much  of 
Physical  Mineralogy  and  some  parts  of  Crystallography 
are  most  appropriately  taken  up  in  this  connection. 

The  study  of  this  new  field  of  science  has,  within  the 
past  ten  years,  been  introduced  into  the  leading  univer- 
sities, but  is,  so  far  as  we  know,  only  here  given  as  a 
part  of  a  regular  mining  school  course.  There  is,  there- 
fore, as  yet  no  text-book  that  covers  the  field  or  is 
adapted  to  the  needs  of  the  class  of  students  in  question. 
The  instruction  is  consequently  through  lectures  and 
laboratory  work,  with  syllabi  and  tables,  including  Lane's 
Petrographical  Tables  and  Michel  Levy's  Tableau  des 
Birefringences. 

The  microscope,  beside  enabling  us  to  see  the  structure 
of  fine  grained  rocks  and  divine  their  origin,  finds  quite 
as  important  a  use  in  connection  with  the  attachments, 
which  allow  us  to  determine  many  minerals,  from  their 
optical  properties,  more  easily  and  accurately  than  with 
the  blow-pipe.  Each  student  has  a  microscope,  and  is 
required  to  measure  the  various  optical  constants  useful 
in  the  determination  of  minerals. 

Various  other  means  of  determining  minerals  and  rocks, 
in  which  the  microscope  is  of  more  or  less  help, — for 
example,  microchemical  reactions  and  mechanical  and 
magnetic  separations, — are  also  noted.  The  study  of  the 
texture  of  rocks  as  seen  in  thin  sections,  which  indicates 
their  origin  and  original  chemical  character,  and  the  study 
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of  the  associations  of  minerals  occupies  much  time*  The 
classification,  nomenclature  and  determination  of  rocks 
are  given  in  the  course  in  Litnology. 

The  general  course  is  strictly  elementary,  practical  and 
non-mathematical,  as  the  effort  is  to  give  the  student 
such  facts  as  he  needs  in  his  future  work,  and  to  train 
him  in  the  use  of  the  microscope, — an  instrument  that 
is  employed  now  in  almost  every  department  of  practical 
life. 

It  will  be  seen,  however,  that  the  apparatus  is  ample 
also  for  advanced  research;  it  covers  all  that  is  found  to- 
be  of  service  in  the  best  petrographical  laboratories  of 
Europe  and  America,  and  the  instructors  are  ready  to 
lend  students,  that  wish  more  thorough  and  extensive 
training,  all  the  help  they  need. 

A  student  to  take  this  course  must  have  completed  the 
courses  in  Physics,  Crystallography,  Mineralogy,  and  the 
first  year's  Chemistry. 
.  For  the  purpose  of  giving  the  above  elementary  and 
advanced  instruction  the  department  is  supplied,  amongst 
other  things,  with  the  following  apparatus: 

Twenty-nine  Bausch  and  Lomb's  Petrographical 
Microscopes,'  made  expressly  for  the  Michigan  Mining 
School;  with  Micrometer  Eyepieces,  Bertrand's  Lenses, 
Quartz  Wedges,  Undulation  Plates,  etc. 

Four  Beck's  Petrographical  Microscopes  with  Acces- 
sories. 

One  Fuess's  Largest  Petrographical  Microscope  of  the 
latest  pattern  with  all  the  Accessories ;  made  expressly 
for  this  institution. 

One  Nachet's  Largest  Petrographical  Microscope,  with 
all  the   Accessories. 
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One  Dick's  Petrographical  Microscope,  with  "Swift'g 
Objectives  and  other  Accessories. 

One  Projection  Microscope. 

One  Xachet's  Inverted  Chemical  Microscope. 

One  Spectroscope. 

One  Spectropolarizer. 

One  Sorby's  Apparatus  for  observing  the  four  images 
given  by  biaxial   bodies. 

Two  Calderon's  Oculars. 

Three  Bertrand's  Oculars. 

One  Spectroscope  Ocnlar. 

One  Goniometer  Ocnlar. 

One  Babinet's  Compensator  Ocnlar. 

One  Michel-Levy's   Comparateur. 

One  Axial  Angle  Apparatus  for   measurements   in  oil. 

Two  Axial  Angle  Apparatus. 

One  Periscope  Eyepiece. 

One  Filar  Micrometer. 

One  Cross-hair  Micrometer. 

Three  Micrometers. 

Four  Camera  Lucidas. 

Two  Abbe's  Camera  Lucidas. 

One  Bausch  and  Lomb's  One-inch  Microphotographic 
Objective. 

One  Mica  Plate  Nose  Piece. 

Many  Extra  Eyepieces,  Objectives,  etc. 

One  Condenser. 

One  Condenser  with  Iris  Diaphragm. 

One  Jannettaz's  Thermal  Apparatus. 

One  Latterman's  Apparatus. 

One  Fuess's  Polarisoope  with  Accessories. 

One  Groth's  Universal  Apparatus,  with  Goniometer. 

One  Fuess's  Application  Goniometer  for  dull  crystals. 
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One  Guess's  Keflection  Goniometer. 

One  Hirschwald's  Microscope  Goniometer. 

One  Linhof's  Reflection  Goniometer. 

One  Total  Reflectometer  Attachment. 

Fourteen  Miller's  Goniometers. 

One  Stage  Goniometer. 

One  Bertrand's  Micro-goniometer  with  Special  Stage. 

One  Flask  for  measuring  Index  of  Fluids. 

One  Pyroelectric  Duster. 

One  Strong's  Chest  and  Apparatus,  for  Microchemical 
Reactions,  etc,  etc. 

Thin  Sections  of  European  Rocks  and  Minerals 752 

Thin  Sections  of  Geological  Survey  Collection 6,293 


7,045 

In  connection  with  the  Lecture  Collection  of  Rocks 
about  two  thousand  sections  are  being  made  this  school 
year,  and  will  be  available  in  1803. 


LITHOLOGY. 
THE  DIRECTOR  AND  ASSISTANTS. 

Second  Year. — Fall  Term,  six  hours  a  week. 

Large  and  complete  collections  of  rock  specimens  are 
arranged  for  the  use  of  the  student.  The  course  of 
instruction  here  is  similar  to  that  followed  in  the  course 
in  Mineralogy.  Lectures  are  given  upon  the  specimens 
of  the  typical  collection,  the  method  of  classification 
explained,  and  the  distinguishing  characters  of  the  differ- 
ent groups,  species,  and  varieties  pointed  out.  Special 
attention  is   called   to    the    variations   and  alterations   in 
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rock*,    and    to    their  Jlocal    modifications    dr. 
special  mode  of  occarrence  in  the  field. 

The  object  of  the  coarse  is  to  give  the  ht 
training  in  the  practical  determination  of  1 
will  enable  hip  to  know  them  in  the  field  an 
well  as  to  observe  their  alterations  and  modi 
■subjects  that  hare  a  very  important  bearing 
vital  questions  relating  to  ore  deposits. 

After  the  study  of  a  sufficiently  large  numb* 
has  been  had,  the   student  has  assigned   to  hi 
containing  unlabeled  specimens  of  these  rocks, 
is  expected  to  determine  and  recite  upon,  as  he 
in  his  study  of  the  minerals.     The  course  is  t 
thorough  and  practical,  and  adapted  to  the  nee 
miner  and  geologist,   giving  them   a   training 
can  make  use  of  in  their  future  work. 

The  following  collections  of  rocks  are  availabl 
in  this  course: 

Lecture  Collection 

Practice  Collection 

Rospnbnsch  Collection 

Collection  of  Michigan  Rocks 

Collection  of  the  State  Geological  Survey 


The  subjoined  classification  of  rocks  will  sh 
soope  of  the  laboratory  work  and  lectures,  as  the  ; 
tion  is  given  entirely  by  lectures  and  laboratory  p:   >  ^ 
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PALEONTOLOGY. 

DR.   LANE. 

Second  Year. — Winter  Term,  five  hours  a  week,  seven 
weeks. 

This  course  is  given  as  an  elementary  one.  It  will 
begin  by  a  review  of  the  fundamental  principles  of 
Zoology  and  Botany  for  use  in  recognition  of  fossils. 
Although  details  are  left  out,  a  personal  handling  of  the 
forms  of  living  species  will  be  insisted  upon,  so  that  the 
knowledge  will  be  real  as  far  as  it  goes. 

In  paleontology,  certain  groups  that  yield  common  and 
characteristic  fossils  will  be  treated  more  in  detail.  There 
is  a  small  type-collection  of  living  and  fossil  forms, 
arranged  zoologically  in  accordance  with  the  system  of 
Nicholson's  New  Manual  of  Paleontology;  and  a  larger 
one  of  fossils,  containing  over  a  thousand  specimens, 
arranged  mainly  according  to  horizons,  for  the  student  to 
consult.  A  collection  of  over  fifteen  hundred  specimens, 
especially  selected  to  cover  the  commoner  fossils  of  the 
whole  geological  column,  will  be  used  to  drill  the  stu- 
dents in  recognizing  fossils  in  different  states  of  preser- 
vation, in  assigning  them  to  their  general  orders,  and 
in  certain  cases  giving  their  generic  names.  The  speci- 
mens are  arranged  unlabeled  in  drawers,  for  the  students 
to  work  upon,  and  pains  will  be  taken  to  train  the  eye 
to  recognize  resemblances  and  differences.  The  practical 
work  will  be  similar  to  that  pursued  in  the  6ourse  in 
Mineralogy.  No  particular  text-book  will  be  required. 
The  library  is  well  supplied  with  books  on  the  branches 
covered  by  this  course,  and  advice  on  buying  books  will 
be  given  to  the  students  according  to  their  individual 
needs. 


106  Michigan  Mining  School. 

STRAT1GRAPHICAL  AND  HISTORICAL  GEOLOGY. 

DB.  LANE. 

Second  Year. — Winter  Term,  five  hours  a  week,  seven 
weeks. 

This  will  be  in  continuation  of  the  course  in  Paleon- 
tology. The  formations  which  compose  the  earth's  crust 
will  be  taken  up  in  their  order,  and  their  characteristic 
life  and  lithology,  their  distribution  and  peculiarities, 
will   be  described. 

The  student  will  also  be  expected,  without  using  books 
for  the  purpose,  to  assign  a  sufficient  number  of  charac- 
teristic fossils  to  their  periods,  and  if  the  time  permits 
will  be  exercised  in  determining  horizons,  with  the  help 
of  paleontological  literature,  as  the  library  contains  full 
sets  of  the  New  York  and  other  State  reports  and  various 
special  works  which  may  be  used  for  this  purpose. 

The  text-book  used  in  1891  and  previously  was  Dr. 
Archibald  Geikie's  Text  Book  on  Geology,  books  V 
and  VI. 

Owing  to  this  work  being  out  of  print  during  the 
preparation  of  the  third  edition,  there  is  temporarily 
used  Professor  Joseph  LeConte's  Elements  of  Geology, 
third  edition. 

Students  taking  this  course  must  have  completed  the  preced- 
ing work  in  Mineralogy,  Lithology,  and  Paleontology. 
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PHYSICAL  GEOLOGY. 

THE  DIRECTOR. 

Third  Year.— Fall  Term,  five  hours  a  week. 

The  instruction  in  Physical  Geology  is  intended  to  be 
especially  adapted  to  the  needs  of  the  explorer,  the  engi- 
neer, the  petrographer,  the  geologist,  the  miner,  the 
quarry  man,  and  of  all  others  that  desire  to  understand 
the  connection  and  the  structural  relations  that  rock 
masses  have  to  one  another  and  to  the  valuable  deposits 
which  they  may  contain.  It  is  intended  to  treat  of  the 
origin  and  alterations  pi  rocks,  of  general  volcanic  and 
earthquake  action,  metamorphism,  jointing,  faulting, 
cleavage,  mountain  building,  eruptive  rocks  and  crystal- 
line schisms;  the  action  of  air,  surface  and  underground 
waters  and  life;  the  interior  condition  of  the  earth,  etc., 
especially  in  their  relations  to  the  problems  that  the 
economic  geologist,  miner  and  quarryman  have  to  meet. 
On  account  of  the  connection  of  the  Mining  School  and 
the  Geological  Survey,  the  student  has  brought  before 
him  constantly  the  various  problems  that  arise  in  the 
practical  work  in  the  survey,  and  their  methods  of  solu- 
tion. 

The  course  in  1891-1892  w^s  given  by  lectures  and 
by  recitations  based  upon  the  lectures  and  upon  Dr. 
Archibald  Geikie's  Text  Book  of  Geology,  books  I,  II 
(part  I),  III,  IV  and  VII.  As  stated  under  the  head  of 
Stratigraphical  and  Historical  Geology  LeConte's  Elements 
of  Geology  will  be  used  until  the  third  edition  of  Geikie's 
text  book  shall  have  been  issued. 

Students  who  wish  to  take  this  course  must  have  completed 
the  preceding  work  in  Physics,  Elementary  Chemistry,  Min- 
eralogy, Petrography,  Lithology  and  Geology. 
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ECONOMIC  GEOLOGY. 

THE  DIRECTOR. 

Third  Year. — Winter  Term,  five  hoars  a  week. 

It  is  intended  to  give  the  instruction  in  this  subject  by 
lectures,  recitations,  and  practical  observations  in  the 
field  and  in  the  mines.  The  design  of  the  lectures  is  to 
cover  the  following  subjects: 

I.  Metalliferous  or  Ore  Deposits. 


1*.  Eruptive  Deposits.. 


)Fk>w  Deposits. 
Dike  Deposits. 
Mass  Deposit*. 


L  Fragments!  Deposits- 


t  Tufa  Deposits. 


2\  Mechanical  Deposits. 


Unconsolidated  Deposits. 


I  Consolidated  Deposits. 


& 

I 

1 


Sublimations,  or  Vapor  Deposits. 


}  Porodite  Deposits. 

Placer  Deposits. 
Bed  Deposits. 
Tufa  Deposits. 

f  Shale  Deposits. 

Sandstone  Deposits. 

Conglomerate  Deposits. 

Breccia.  Deposits. 

Tufa  Deposits. 

Porodite  Deposits. 

Argllltte  Deposits. 

QoartsJte  Deposits. 

Schist  Deposits. 
I  Gneiss  Deposits. 


Water  Deposits. 


Spring  Deposits. 
Stream  Deposits. 
Bog  Deposits. 
Lake  Deposits. 
(Sea  Deposits. 


-  Impregnations,  or 
Replacement 
Deposits 


ErnptlTe  Rock  Im- 
pregnations  


^P08** ( MassDepostts. 


••I 


fragments!  De- 
posits... 


Turn  Deposits 
Porodite  De- 
posits. 


SedbD^ntsjT  Rock  Imi»regiiatk^ 


or  Cavity 


f  Pocket  Deposits. 
Chamber  Deposits. 
I  Contact  Deposits. 


I 

I  Veins.. 


CGash  Veins. 

Segregated  Veins. 

Reeticnlated  Veins,  or 

Stockwork. 

Contact  Veins. 

Fissure,  or 
I  Fault  Veins. 
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II.  Hydrocarbons. 


1*.  Retina. 


t\  Paraffins.. 


3*.  Bitumens.. 


4*.  Peats. 


5°.  Goals. 


Succinite. 
Betinlte. 
;  Retinellite. 
Ambrlte. 
Copalite. 

Hatchettite. 
Ozocerite. 
Zletrisiklte. 
Urpethlte. 

f  Natural  Oas..  J-  Gaseous. 

Maltna..  }- Semi-Flu  id. 
Elaterite.... 
AsphaltUDL. 
Albert! te.. . .    a~i  m. 
Wurtsllite..  f  8oU<te- 
Grahamite.. 
lUintanite... 

J  Turf. 
•  I  Peat. 

f  Lignite,  or  Brown  Coal. 

(Jet) 
Torbanite. 
Oannellte,  or 
Oannel  Ooal. 
Bitumioosite,  er 
Bituminous  Coal. 
Anthracite.   . 

III.  Salt  and  saline  earths. 

IV.  Materials  used  for  grinding,  whetting  and  polishing. 

V.  Gems  and  decorative  materials. 

VI.  Building  stones  and  road-making  materials. 

VII.  Lime,  cement  and  artificial  stone. 

VIII.  Refractory,  or  fire-resisting  materials. 

IX.  Clay,  sands,  etc.,  used  for  pottery,  porcelain  and 
glass. 

X.  Mineral,  medicines. 

XL  Pigments,  dyes  and  detergents. 

XII.  Water  and  water  supply. 

XIII.  Mineral  and  thermal  springs. 

In  1891-1892  Phillips's  Ore  Deposits  was  used  as  a 
text-book.  * 

Special  attention  is  given  to  the  instruction  of  the 
student  in  Mineralogy,  Petrography  and  Geology,  in  order 
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that  he  may  in  after  years  understand  the  nature  of  the 
deposits  upon  which  he  may  be  at  work;  since  disastrous 
mistakes  probably  occur  in  the  practice  of  a  mining 
engineer  oftener  through  ignorance  of  the  petrographical 
and  geological  relations  of  the  ore  deposits  in  question, 
than  from  a  lack  of  engineering  or  metallurgical  skill. 

The  location  of  the  school  affords  special  advantages 
for  the  study  of  Petrography  and  General  and  Economic 
Geology.  It  is  situated  in  the  midst  of  the  vast  and 
ancient  lava  flows  and  conglomerates  generally  known  as 
the  Copper-bearing  or  Eeweenawan  series,  and  near  the 
Eastern  or  Potsdam  Sandstone.  In  the  immediate  vicin- 
ity are  to  be  solved  some  of  the  most  important  and 
fundamental  problems  of  petrographical  and  geological 
science,  e.  g.  the  metamorphism  or  alteration  of  rocks, 
the  true  age  of  the  so-called  Keweenawan  series,  the  rela- 
tion of  the  so-called  Huronian  and  Laurentian  series,  the 
origin  of  the  iron  ore,  etc.,  while  almost  every  problem 
of  Geology  finds  its  illustration  in  some  portion  of  the 
Upper  Peninsula. 

The  instruction  in  the  various  departments  under  the 
charge  of  the  Director  is  intended  to  be  given  so  that 
all  those  who  wish  to  obtain  a  knowledge  of  the  subjects 
as  a  matter  of  general  information,  or  to  prepare  them- 
selves to  be  teachers  or  investigators,  can  attend  with  ad- 
vantage. 

'The  opportunities  for  practical  instruction  in  Mineral- 
ogy and  Geology,  particularly  in  Economic  Geology,  have 
been  greatly  increased  by  placing  the  State  Geological 
Survey  under  the  charge  of  the  Director  of  the  Mining 
School.  This  arrangement  enables  skilled  specialists 
to  be  employed  for  the  mutual  advantage  of  the 
School   and   the   Survey.     It  further  brings   the  student 
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into  direct  contact  with,  the  practical  applications  of 
Geology,  and^with  its  more  important  problems  under 
discussion  at  the  present  time.  Students  who  wish  to 
take  this  course  must  have  completed  the  preceding  work  in 
Physics ,  Elementary  Chemistry y  Mineralogy,  Petrography, 
Lithology  and  Geology.  Exceptions-  in  the  requirements 
in  any  of  the  above  courses  may  be  made  in  favor  of 
special  students  of  age  and  experience,  who  would  be 
benefited  by  such  exceptions. 


SUMMER  COURSE  IN  GEOLOGY. 

THE  DIRECTOR  AND  ASSISTANTS. 

Third  Year — Summer  Term,  five  days  a  week,  four 
weeks. 

Part  of  the  summer  term  of  the  third  year  is  spent  in 
the  field  and  in  the  mines,  in  the  practical  study  of  various 
questions  in  General  and  Economic  Geology,  Mineralogy 
and  Petrography. 

In  order  to  increase  the  usefulness  of  the  Mining 
School  by  enabling  persons  to  take  some  of  its  courses  of 
instruction,  the  summer  courses  in  Geology,  Shop-practice 
and  Surveying  have  been  established.  All  candidates  for 
a  degree  in  this  institution  are  required  to  take  all  of 
these  courses.  They  are  also  open  to  persons,  not  other- 
wise members  of  the  Mining  School,  who  wish  to  attend 
them.  The  summer  course  in  Geology  will  commence  in 
August  and  continue  for  four  weeks.  The  course  con- 
sists essentially  in  the  examination  and  discussion  of 
observed    phenomena   of    the   sedimentary  and   eruptive 
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rooks,  whether  me  tamo  rp  hie  or  not,  as  well  as  of  the  asso- 
ciated ores  to  be  seen  in  the  Upper  Peninsula  of 
Michigan.  The  work  for  the  most  part  will  be  done  in 
the  vicinity  of  the  mines,  and  students  will  be  expected 
to  make  maps,  notes,  sections,  diagrams,  etc. 

This  course,  like  all  others  in  the  Mining  School,  is 
open  without  charge  to  any  one,  whether  a  resident  of 
Michigan  or  not.  It  is  hoped  that  it  will  be  of  practi- 
cal value  to  all  teachers  and  others  who  wish  to  obtain 
a  knowledge  of  the  field  occurrence  of  minerals  and  rocks, 
including  ores,  as  well  as  to  see  the  various  phases  of 
mining.  The  classes  have  studied  the  Lake  Superior 
coast  and  adjacent  islands  north  and  south  of  Marquette, 
and  the  mines  and  adjacent  country  about  Negaunee, 
Ishpeming,. Humboldt,  Republic,  Champion  and  the  Gold 
Range.  The  next  course  will  be  given  in  the  summer 
of  1893. 

The  student  of  geology  can  study  within  the  limits  of 
the  Upper  Peninsula  of  Michigan  the  following  strati- 
graphical  formations,  commencing  in  the  list  with  the 
oldest. 

f  Laurentian  (?)*Period    Cascade  Formation. 

UbiK.o  Period \  fgg£Jft£»Siu 

i  Potsdam  Formation. 

f  Cambrian  Period <  [Keweenawan  Formation.] 

(Calcif*    "-- 


Paleozoic  System.. 


Jciferons  Formation, 

(Trenton  Formation. 
Hudson  River  Formation. 
Niagara  Formation. 


. daga  L 

I  Lower  Helderberg  Formation. 

[Devonian  Period Upper  Helderberg  Formation 

Anthropozolc    8  y  s- 1  QniLtMrntLr-n  paH«h       >  Plelstooene  Formation, 
tern f  «^wn*ry|P«nooV_.jRecent  VonnBttAsm^ 
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THESES. 

Every  student  who  is  a  candidate  for  the  degree  of 
Mining  Engineer  in  either  coarse  is  required  to  present 
to  the  Faculty  a  satisfactory  thesis,  embodying  the  results 
of  an  investigation  upon  some  subject  related  to  the 
studies  of  that  course,  before  he  can  be  recommended  to 
receive  his  degree.  Students  that  intend  to  graduate  in 
any  year  are  required  to  select  their  subjects  and  present 
them  to  the  Faculty  for  approval  by  the  first  of  March 
of  that  year. 

Candidates  for  the  degree  of  Bachelor  of  Science  to  be 
given  at  the  completion  of  the  first  three  years  of  the 
four  years  course  going  into  effect  in  September,  1893, 
are  not  required  to  present  any  thesis. 
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ORGANIZATION. 


The  Michigan^Mining  School  is  an  institution  estab- 
lished and  supported  by  the  State  of  Michigan  in  accord- 
ance with  that  liberal  educational  policy  which  has 
placed  the  University  of  Michigan  amongst  the  foremost 
educational  institutions  of  America. 

The  Mining  School  is  organized  under  the  authority 
of  an  Act,  approved  May  1,  1885,  portions  of  which  are 
as  follows: 

"Section  1.  The  people  of  the  State  of  Michigan 
enact:  That  a  school  shall  be  established  in  the  Upper 
Peninsula  of  the  State  of  Michigan,  to  be  called  the 
Michigan  Mining  School,  for  the  purpose  and  under  the 
regulations  contained  in  this  Act. 

"  Sec.  2.  The  said  school  shall  be  under  the  control 
and  management  of  a  board  of  six  members,  not  less  than 
four  of  whom  shall  be  residents  of  the  Upper  Peninsula 
of  the  State  of  Michigan,  who  shall  be  known  as  the 
'Board  of  Control  of  the  Michigan  Mining  School,9 
and  who  shall  be  appointed  by  the  Governor  of  the  State 
of  Michigan,  by  and  with  the  consent  of  the  Senate 
(*  *  *  *)  and  who  shall  serve  without  compen- 
sation. 

"  Sec.  5.  The  course  of  instruction  shall  embrace  geology, 
mineralogy,  chemistry,  mining  and  mining  engineering, 
and  such  other  branches  of  practical  and  theoretical  knowl- 
edge as  will,  in  the  opinion  of  the  board,  conduce  to  the 
end  of  enabling  the  students  of  said  institution  to  obtain 
A    full   knowledge  of   the  science,   art    and    practice    of 
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mining,  and  the  application  of  machinery  thereto.  Tui- 
tion shall  be  free  in  said  institution  to  all  bona  fide  res- 
idents of  this  State,  bnt  a  reasonable  charge  for  inci- 
dental expenses,  not  less  than  ten  dollars  nor  exceeding 
thirty  dollars  per  year,  may  be  made  against  any  student, 
if  deemed  necessary,  and  the  board  shall  not  be  obliged 
to  furnish  books,  apparatus,  or  other  materials  for  the 
nse  of  students. 

"Sbc.  6.  The  course  of  study,  the  terms,  and  the 
hours  of  instruction,  shall  be  regulated  by  the  board, 
who  shall  also  have  power  to  make  all  such  rules  and 
regulations  concerning  admission,  control  and  discipline 
of  students,  and  such  others,  as  may  be  deemed  neces- 
sary for  the  good  government  of  the  Institution  and  the 
convenience  and  transaction  of  its  business. 

"  Sec.  7.  No  debt  shall  be  contracted  beyond  or  apart 
from  the  actual  means  at  the  disposal  of  the  Inststution. 
The  board  may  dispose  of  or  lease  any  property  donated 
to  the  State  for  said  School,  or  which  may  be  acquired 
in  payment  of  debts  except  of  such  as  is  necessary  for 
the  accommodation  of  the  school.      *      ♦*♦«*» 

In  conformity  with  the  above  act,  the  Michigan  Min- 
ing School  was  first  opened  to  students  September  15, 
1886,  and  has  been  made  free  to  students  from  every 
land.  All  are  received  on  the  same  conditions,  no  mat- 
ter where  their  residence  may  be. 
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REGULATIONS    OF    THE    SCHOOL. 


Neatness,  order  and  good  conduct  on  the  part  of  the 
students  in  a  school  of  this  character  are  requisite,  if  the 
school  is  to  maintain  credit  both  at  home  and  abroad. 

Students  that  enter  this  institution  are  supposed  to  do 
so  in  order  to  prepare  themselves  for  their  profession, 
and,  like  students  in  Technological,  Law  or  Medical 
Schools,  are  pre-supposed  to  understand  what  they  are 
here  for,  to  attend  strictly  to  that  business,  and  to  con- 
duct themselves  as  gentlemen.  The  members  of  the 
Faculty  have  no  time  to  waste  on  primary  instruction, 
nor  in  conducting  a  reform  school  (which  the  State  has 
elsewhere  provided),  as  may  with  propriety  be  done  by 
non-professional  schools.  If  a  man  cannot  be  a  man  and 
attend  to  his  duties  as  he  should,  this  institution  has  no 
place  for  him.  It  is  not  obliged  to  proceed  further  than 
to  be  satisfied  that  any  man's  presence  is  injurious  to 
the  school,  or  that  his  longer  stay  is  of  no  advantage  to 
himself;  neither  is  it  obliged  to  deal  out  repeated  warn- 
ings, nor  even  any  warning.  Methods  that  are  proper, 
or  that  are  in  vogue  in  academies,  normal  schools  and 
colleges,  are  entirely  out  of  place  in  a  professional  school 
whose  students  average  over  twenty-one  years  of  age. 

The  general  rules  of  the  School,  so  far  as  they  need 
be  announced  to  the  general  public,  are  as  follows: 

The  Faculty  have  full  power  to  admonish,  dismiss,  suspend,  or 
expel  any  student,  for  cause. 

Each  member  of  the  Faculty  is  held  responsible  for  the  rooms, 
apparatus,  etc.,  of  his  department,  and  for  the  good  order  and 
discipline  of  the  students  under  his  charge. 
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Each  instructor  is  required  to  be  in  attendance  during  the  work- 
ing hours  in  his  department,  and  he  has  the  power  to  discipline 
or  suspend  any  student  from  his  room  until  such  time  as  the  case 
shall  have  been  acted  upon  by  the  Faculty. 

All  absences  of  students  from  recitations,  lectures,  field  and  lab- 
oratory work,  are  considered  as  failures  in  recitations,  and  are  so 
ranked  unless  excused  by  vote  of  the  Faculty,  and  made  up. 
Tardiness  is  considered  as  a  half-absence. 

Each  instructor  shall  keep  a  record  of  the  daily  work  of  each 
student  under  his  charge,  and  rank  him  on  a  scale  of  100;  and  no 
student  shall  be  permitted  to  pass  who  has  not  obtained  an  aver- 
age of  at  least  75  in  his  daily  work. 

Examinations  shall  be  held  at  the  end  of  every  term,  or,  if 
desired,  at  the  completion  of  each  subject,  if  falling  within  the 
term.  The  examinations  are  ranked  on  a  scale  of  100,  and  no 
student  shall  be  permitted  to  pass  unless  he  obtains  a  rank  of  75. 

It  will  thus  be  seen  that  every  student,  in  order  to  pass,  must 
obtain  a  class  standing  of  at  least  75  on  a  scale  of  100,  in  all  term 
work,  and  cUso  in  all  examinations. 

The  method  of  making  up  deficiencies  in  daily  work  varies  with 
the  subject,  at  the  discretion  of  the  instructor. 

In  the  case  of  all  foreseen  minor  absences  the  instructor  in  charge 
of  the  exercise  to  be  missed  should  be  spoken  to  before  the  absence 
occurs.  All  absences  from  town  of  a  day  or  more  must  be  arranged 
for  previously  with  the  Director  or  they  will  not  be  excused,  but 
this  does  not  relieve  the  student  from  handing  in  to  the  Faculty 
the  usual  petition  for  excuse. 

All  excuses  for  absences  must  be  handed  in  to  the  proper  officer 
within  one  week  after  the  absence  shall  have  occurred;  a  number 
of  unexcused  absences  will  subject  the  student  to  discipline. 

All  students  taking  special  or  partial  courses  shall  be  referred 
to  a  committee  consisting  of  the  Director,  the  Secretary,  and  one 
other  member  of  the  Faculty  appointed  by  the  Director,  who  shall 
arrange  the  courses  to  be  taken  by  said  students. 

Students  having  chosen  their  course  or  subjects  are  not  allowed 
to  change  or  to  drop  any  of  them,  except  upon  petition  to,  and 
by  vote  of  the  Faculty,  and  failure  to  observe  this  rule  will  subject 
the  student  to  discipline. 

The  rank  of  each  student  is  reported  to  himself,  or,  if  he  is  a 
minor,  to  his  parents  or  guardian,  after  the  close  of  each  term. 
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With  this  are  reported  all  absences,  whether  excused  or  not,  and 
such  other  information  concerning  the  student  as  it  may  be  con- 
sidered  advisable  to  report. 

Entrance  conditions  are  to  be  made  up  in  accordance  with  the 
regulation  announced  previously  under  the  heading  Requirements 
for  Admission. 

Special  regulations  are  made  concerning  the  conditions  received 
during  the  various  terms,  owing  to  the  nature  of  the  work  and  to 
the  special  arrangement  of  the  terms  in  this  institution,  as  follows: 

Conditions  received  in  any  laboratory  work  can  be  made  up  only 
by  a  repetition  of  the  work  at  a  time  when  the  laboratory  is  open 
for  work  in  the  same  subject.  This  also  applies  to  shop-practice, 
drawing  (excluding  topographical  drawing)  and  to  all  field,  mine 
or  mill  work. 

Conditions  received  in  work  (not  included  under  the  general  head 
of  laboratory  work)  are  to  be  made  up  as  follows: 

Conditions  received  during  the  fall  term  in  Algebra,  Trigonometry, 
Calculus,  Physics,  Graphical  Statics,  Mechanics  of  Materials, 
Mechanical  and  Electrical  Engineering,  Chemistry,  Stoichiometry, 
Ore  Dressing,  Metallurgy,  Physical  and  Economic  Geology,  are  to 
be  made  up  at  the  commencement  of  the  winter  term  following. 

Conditions  received  during  the  winter  term,  in  Trigonometry,  An- 
alytical Geometry,  Physics,  first  year  Chemistry,  Mine  Surveying 
and  Mining,  are  to  be  made  up  at  the  commencement  of  the  spring 
term  following. 

Conditions  received  during  the  winter  term,  in  Plane  Surveying, 
Topographical  Drawing,  Hydraulics,  Mechanism,  Properties  of 
Materials,  Stratigraphical  Geology,  Economic  Geology,  Ore  Dressing, 
Metallurgy,  third  year  Mining,  and  Mechanical  and  Electrical  Engi- 
neering, are  to  be  made  up  at  stated  times  in  the  summer  term 
following. 

Conditions  received  during  the  winter  term,  in  Calculus,  Analyt- 
ical Mechanics,  and  in  second  year  Chemistry  are  to  be  made  up 
at  the  commencement  of  the  fall  term  following. 

Conditions  received  during  the  spring  term,  in  Analytical 
Geometry,  and  Electricity  and  Magnetism,  are  to  be  made  up  at 
the  commencement  of  the  fall  term  following. 

Conditions  received  in  the  summer  term,  in  the  Theoretical 
work  in  Surveying,  are  to  be  made  up  at  the  commencement  of 
the  winter  term  following. 
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The  dates  upon  which  examinations  in  the  above  subjects  will 
be  held  will  be  assigned  by  the  Faculty  at  the  opening  of  each 
term. 

In  case  of  failure  on  the  part  of  any  student  to  remove  his 
conditions  at  the  specified  time,  he  will  have  to  take  the  course 
in  that  subject  over  again.  If  he  fails  then  at  the  regular  exam- 
ination, he  will  not  be  allowed  to  repeat  the  subject  again. 

No  student  shall  take  any  course,  to  the  successful  prosecution 
of  which  a  previous  course  in  which  he  is  conditioned  is  considered 
essential,  except  upon  his  petition  for  this  privilege  to  the  Faculty, 
and  its  authorization  by  that  body. 

A  student  who  absents  himself  from  any  examination,  without 
reasons  satisfactory  to  the  Faculty,  shall  be  considered  as  having 
failed  in  such  examination,  and  the  following  rule  will  then  cover 
his  case: 

A  student  who,  in  any  subject,  obtains  a  rank  of  fifty  or  less, 
in  either  term  work  or  examination,  shall,* at  the  discretion  of  the 
Faculty,  be  debarred  from  further  examination  and  required  to 
repeat  the  work. 

Any  student  having  more  than  six  conditions  at  any  one  time 
will  either  be  dropped  from  the  School  or  assigned  to  special  work, 
as  in  the  judgment  of  the  Faculty  seems  to  be  best  for  him. 

Any  of  the  general  regulations  of  the  school  may  be  suspended 
by  the  Faculty,  in  behalf  of  special  students  of  age  and  experience, 
to  aid  them  in  their  work,  if  such  suspension  seems  advisable. 

All  students  are  required  to  observe  proper  decorum,  and  to 
refrain  from  any  conduct  that  disturbs  others,  or  is  injurious  to 
the  School. 

The  attempt  of  any  student  to  falsify  in  any  of  his  school 
relations  is  regarded  as  a  most  Berious  offence,  and  renders  the 
offender  liable  to  suspension  or  even  to  expulsion. 

Each  instructor  shall  have  power  to  take  such  action  as  he  may 
see  fit  in  case  he  detects  any  illegitimate  work  in  the  class  room, 
but  a  second  offense  on  the  part  of  the  same  student  or  any 
illegitimate  work  of  any  kind  during  an  examination  shall  be 
reported  to  the  Faculty  for  action,  and  may  be  punished  by  sum- 
mary dismissal. 
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LOCATION. 


The  school  is  located  at  Houghton,  the  county  seat  of 
Houghton  county.  The  twin  towns  of  Houghton  and 
Hancock  lie  in  the  sheltered  valley  of  Portage  Lake,  an 
arm  of  Lake  Superior.  The  climate  is  bracing  and 
healthful.  Although  Houghton  is  in  a  high  latitude,  yet 
one  is  far  less  inconvenienced  by  the  cold  here  than  he 
is  much  further  south  along  the  Atlantic  coast,  or  in  the 
immediate  vicinity  of  the  Great  Lakes.  This  is  due  to 
the  dryness  of  the  Houghton  climate,  a  climate  which  is 
free  from  any  malaria,  hay  fever,  etc.  In  general,  stu- 
dents coming  from  localities  further  south  have  found 
health  and  strength  improved  by  the  change.  The  town 
has  an  abundant  supply  of  pure  spring  water.  Honghton 
is  easily  reached  by  rail  from  Detroit,  Chicago,  Milwaukee, 
St.  Paul,  Superior  and  Duluth  (a  descriptive  pamphlet 
showing  the  routes  to  Houghton  can  be  obtained  from 
the  General  Passenger  Agent,  D.,  S.  S.  &  A.  RV,  Minne- 
apolis, Minn.);  and  by  steamer  from  all  the  important  ports 
on  the  chain  of  the  Great  Lakes.  Within  the  State,  half- 
fare  rates  are  given  to  the  students  of  the  Mining  School 
by  the  Duluth,  South  Shore  &  Atlantic  Railway. 

While  the  School  itself  is  situated  in  the  Portage  Lake 
copper  district,  the  access  to  the  Keweenawan  copper  dis- 
trict on  the  north  is  easy,  and  there  lie  within  compara- 
tively short  distances  the  Ontonagon  copper  district,  and 
the  iron  mining  regions  of  Marquette,  Menominee  and 
riogebic. 
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In  the  immediate  vicinity  of  the  Mining  School  are 
located  the  Quincy,  Atlantic,  Franklin  and  Huron  copper 
mines,  while  within  a  distance  of  fifteen  miles  are  situ- 
ated the  Calumet  and  Hecla,  Tamarack,  Osceola  and 
other  copper  mines,  with  their  machine  shops,  smelting 
works,  rolling  and  stamp  mills,  etc.  In  the  iron  mining 
regions  lie  numerous  great  iron  mines,  prominent  among 
which  are  the  Cleveland,  Jackson,  Lake  Superior,  Lake 
Angeline,  Champion,  Republic,  Chapin,  Vulcan,  Cyclops, 
Colby  and  Norrie. 

In  addition  to  copper  and  iron,  among  the  mineral 
products  of  the  state  are  numbered  gold,  silver,  gypsum, 
building  stones,  slate,  coal,  salt,  etc. 

Some  idea  of  the  vastness  of  the  mining  operations  in 
the  Lake  Superior  district  can  be  gathered  from  the  fol- 
lowing statistics:  It  contains  over  sixty-five  copper  mines, 
which  have  produced,  up  to  1890,  one  billion  three  hun- 
dred and  twenty-seven  million  seven  hundred  and  ninety- 
nine  thousand  four  hundred  and  twenty  pounds  of  copper, 
valued  at  two  hundred  and  forty-three  million  seven 
hundred  and  six  thousand  eight  hundred  and  nine  dollars. 
The  cost  sheet  of  one  mine  alone  is  some  four  millions 
yearly,  mainly  expended  in  this  region.  One  mine  alone 
has  paid  over  forty  millions  of  dollars  in  dividends,  or 
over  three  times  as  much  as  any  other  mine  now  work- 
ing in  the  United  States,  except  one,  and  over  twice  as 
much  as  that  one. 

In  the  iron  mining  districts  about  Lake  Superior,  in 
Michigan,  there  were  produced  in  1890  seven  million  one 
hundred  and  eighty-five  thousand  one  hundred  and 
seventy-five  tons  of  iron  ore,  or  nearly  one-half  of  all  the 
iron  ore  produced  in  the  United  States. 
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The  Michigan  iron  mines  have  produced  since  their  dis- 
covery over  fifty  millions  of  tons  of  iron  ore. 

Michigau  is  credited  by  the  Director  of  the  Mint  with 
producing  in  1889  gold  to  the  amount  of  seventy  thou- 
sand dollars,  and  silver  amounting  to  seventy-seven  thou- 
sand five  hundred  and  seventy-five  dollars. 

The  State  of  Michigan  is  also  the  chief  producer  of 
salt  and  gypsum  in  the  United  States. 

The  Michigan  Mining  School  has  been  located  in  the 
Upper  Peninsula  of  Michigan  for  the  same  reason  that  a 
medical  school  should  be  in  the  vicinity  of  large  hos- 
pitals, in  order  that  it  should  be  associated  with  the 
objects  about  which  it  treats. 

From  this  location  the  student  of  the  Michigan  Mining 
School  is  placed  in  a  mining  atmosphere,  in  which  all 
his  surroundings  and  associations  are  in  conformity  with 
his  present  and  future  work.  He  is  thus  enabled  to  see 
in  actual  operation  some  of  the  most  successful  and 
extensive  mining  operations  now  conducted  anywhere. 

The  Calumet  and  Hecla  mine  is  now  worked  at  a 
depth  on  the  lode  of  over  4,500  feet,  with  an  extent  in 
length  of  about  two  and  one-half  miles.  This  mine  is 
operated  by  fourteen  shafts,  one  of  which  is  a  six-com- 
partment shaft,  now  sunk  to  a  perpendicular  depth  of 
about  3,500  feet;  when  completed,  it  will  be  upwards 
of  5,000  feet  deep.  The  aggregate  power  of  the 
steam  plant  in  use  and  under  construction  is  some  37,- 
500  horse  power,  including  one  engine  of  4,700  horse 
power  and  eleven  other  engines  of  an  average  of  2,000 
horse  power  each.  The  stamp  mills  of  this  mine  contain 
18  improved  Ball  steam  stamps,  making  from  95  to  98 
blows  per  minute,  and  crushing  about  4,500  tons  of  rock 
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in-  twenty-four  hours.  Three  of  the  pumping  engines 
have  an  aggregate  capacity  of  50,000,000  gallons  in 
twenty-four  hours,  while  another  triple  expansion  pump- 
ing engine  has  alone  the  capacity  of  60,000,000  gallons 
in  twenty-four  hours.  Beside  the  two  sand  wheels  forty 
feet  in  diameter  capable  of  lifting  some  16,000,000  to 
18,000,000  gallons  of  water  and  1,600  tons  of  sand  per 
day,  there  is  now  completed  another  wheel  fifty-four 
feet  in  diamefter  capable  of  lifting  30,000,000  gallons  of 
water  and  3,000  tons  of  sand  per  day. 

The  smelting  works  of  this  mine  contain  sixteen 
refining  furnaces  with  an  aggregate  capacity  of  224  tons 
in  twenty-four  hours.  They  also  contain  two  blast  and 
two  blister  furnaces,  etc.  All  the  other  appliances  of 
this  remarkable  mine  are  commensurate  with  thosq  above 
given. 

The  Tamarack  mine  has  two  perpendicular  shafts,  one 
over  4,700  feet  and  the  other  over  4,500  feet  in  depth. 

The  other  mines,  mills,  smelting  works,  etc.,  are  all 
well  equipped  for  their  work,  and  every  assistance  is 
given  by  their  officers  and  men  to  aid  the  students  of 
the  Mining  School  in  studying  the  various  appliances, 
under  the  direction  of  the  Faculty  of  the  School. 
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EXPENSES. 


Under  the  act  of  organization,  the  Board  of  Control 
have  made  the  school  entirely  free,  no  charge  being  made 
for  tuition  or  incidentals,  whether  the  student  was  a 
resident  of  the  State  of  Michigan,  or  of"  the  United 
States,  or  not ;  all  has  been  made  free  to  the  students 
from  every  land.  Owing  to  the  fact  that  the  expenses 
of  providing  a  thorough  technical  education  in  any  branch, 
particularly  in  Mining  Engineering,  are  much  greater 
than  those  attendant  upon  a  literary  education,  it  is 
possible  that  after  a  few  more  years,  the  same  tuition  fee 
will  be  charged  non-resident  students  that  is  now  charged 
students  in  most  of  the  technical  schools  in  other  States, 
while  there  will  also  be  charged  to  all  students  the 
amount  allowed  for  incidentals,  as  specified  in  the  act  of 
organization.  Should  this  change  be  made,  due  and 
full  notice  will  be  given.  The  supplies  in  the  chemical 
and  allied  laboratories  are  furnished  the  students,  and 
they  are  required  to  pay  for  materials,  re-agents,  etc., 
and  for  the  use  and  breakage  of  apparatus. 

In  order  partially  to  insure  the  State  against  damage 
and  loss  to  its  school  property,  every  student  is  required 
to  deposit  with  the  Treasurer  the  sum  of  twenty-five 
dollars  ($25).  This  sum  shall  not  be  withdrawn  by  the 
student  until  he  closes  his  connection  with  the  School; 
and  if  any  portion  is  required  by  the  School  as  a  refund 
for  damages,  the  part  withdrawn  shall  be  at  once  replaced 
by  the  student,  or  he  shall  be  dismissed  from  the  school. 

Charges  for  apparatus,  chemicals  and  other  supplies  from 
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the  store  room,  as  well  as  for  repairs  of  damages  to 
school  property,  and  also  fines,  shall  be  deducted  from 
coupons  procurable  from  the  Clerk  upon  payment  of  five 
dollars  each,  but  no  portion  of  the  twenty-five  dollars 
above  mentioned  shall  be  used  for  the  purchase  of  these 
coupons. 

The  permanent  deposit  of  twenty-five  dollars  together  with 
any  balance  equivalent  to  the  unused  portion  of  a  coupon 
shall  be  returned  to  the  student  when  he  closes  his  connec- 
tion with  the  school,  but  not  before.  Each  student  is  required 
to  present  to  the  Director  his  certificate  of  deposit  from 
the  Treasurer,  at  the  commencement  of  each  school  year, 
or  at  such  time  thereafter  as  he  may  present  himself  at 
the  School  for  work.  The  Director  may  then  issue  an 
annual  certificate  of  membership  to  the  student,  subject 
to  the  subsequent  approval  of  the  Faculty. 

No  student  shall  be  considered  a  member  of  the  School 
or  allowed  to  join  in  any  of  the  exercises,  or  to  take  any 
apparatus,  chemicals,  books,  etc.,  until  he  shall  have 
presented  to  the  Instructor,  Librarian,  and  Dispensing 
Clerk,  his  certificate  of  membership  for  that  school  year. 

It  shall  be  the  duty  of  the  Treasurer  to  have  printed 
such  coupons  as  are  needed.  These  shall  be  deposited 
with  the  Clerk,  the  Treasurer  taking  his  receipt  therefor. 
The  Clerk  shall  pay  over  to  the  Treasurer  all  money 
received  from  the  student  in  payment  for  the  coupons, 
taking  his  receipt  therefor.  The  accounts  of  the  Clerk 
shall  be  audited  every  year,  at  which  time  the  Clerk 
shall  show  to  the  Auditing  Committee  Treasurer's 
receipts  and  unused  coupons  amounting  in  value  to  all 
the  coupons  deposited  with  him  by  the  Treasurer,  before 
the  Clerk's  accounts  shall  be  adjusted. 

There  are   no  dormitories   connected  with   the  School. 
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Arrangements  can  be  made  by  those  who  desire  to  do  so,  to 
obtain  board  and  rooms  in  private  families,  and  in  board- 
ing houses,  in  Houghton  and  Hancock,  at  prices  varying 
from  twenty  to  twenty-five  dollars  per  calendar  month. 
Twenty-two  to  twenty-three  dollars  per  month  is  under- 
stood to  be  the  standard  average  price.  This  is  to 
include  the  room,  heat  and  lights,  as  well  as  board. 
Board  alone  can  be  obtained  at  from  eighteen  to  twenty 
dollars  per  calendar  month. 

The  necessary  expenses  of  the  students  are  estimated  by 
them  as  follows  for  each  year  : 

Board,  etc.,  10*  months  at  $20. 00  to  $25. 00  ..$210  00  to  $262  50 

Apparatus,  Chemicals,  etc 20  00  to     40  00 

Books  and  Drawing  Materials 25  00  to      50  00 

Traveling    Expenses    (Excursions,    Field 

work,  etc.) 10  00  to      50  00 

Washing 20  00  to      80  00 

Total $285  00        $482  50 
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EMPLOYMENT. 


The  question  is  often  asked  the  officers  of  the  Mining 
School  if  they  can  promise  employment  to  students  on 
graduation.  The  only  answer  is,  that  neither  the  Mining 
School  nor  any  other  self-respecting  institution  can 
make  any  such  promises.  The  question  of  employment 
depends  on  too  many  factors  to  be  promised  three  or 
four  years  in  advance.  It  depends  on  the  demand  and 
the  supply,  which  are  liable  to  vary  from  year  to  year, 
and  it  also  very  largely  depends  on  a  student's  personal 
"equation."  Thus  far  the  demand  for  suitable  men  has 
been  greater  than  the  supply,  but  how  it  will  be  in  the 
future  can  not  be  told.  A  thorough,  hard  working 
student,  with  the  ability  to  command  the  respect  of  men 
and  to  manage  them,  and  to  work  harmoniously  with 
his  fellow  officers,  will  hardly  ever  fail  of  obtaining  the 
choicest  positions  that  are  open  to  him,  especially  after 
having  had  the  practical  work  and  experience  about  the 
mines  that  the  graduates  of  this  school  have.  . 

Education  and  training  do  not  give  qualities  to  any 
man;  they  simply  sharpen  and  develop  those  natural 
abilities  that  he  possesses;  hence,  if  he  is  not  by  nature 
fitted  for  a  certain  position,  he  ought  not,  and  will  not 
be  likely,  to  obtain  it.  On  the  other  hand,  whatever 
may  be  a  man's  natural  abilities,  he  will  not  be  likely  to 
obtain  a  position  of  any  high  grade  unless  he  has  been 
educated  for  it,  either  in  school  or  outside— the  outside 
education  being  by  far  the  most  expensive  kind  of  educa- 
tion that  can  be  obtained. 
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Slothful,  lazy,  careless,  and  inefficient  students  will  not 
naturally  obtain  places  as  readily  as  the  hard-working 
ones,  other  things  being  equal.  They  certainly  will  not 
be  recommended  by  the  officers  of  the  Mining  School, 
since  a  man  who  cannot  be  trusted  to  attend  faithfully 
to  his  work  when  engaged  in  obtaining  his  professional 
training  is  not  one  whom  it  is  safe  to  trust  with 
important  business  and  mining  interests. 

Students  should  remember  that  their  conduct,  from  the 
day  they  enter  the  Mining  School  until  they  leave  it, 
has  an  all  important  bearing  upon  their  future  position 
and  standing,  since  almost  every  one  on  leaving  has  obtained 
his  position  through  its  officers  or  its  graduates. 

The  Director  of  the  Mining  School  makes  one  invari- 
able rule,  i.  e.,  that  all  persons  desiring  students  or 
graduates  of  this  School  shall  be  informed  of  the  defects, 
as  well  as  of  the  virtues  of  the  candidates,  so  far  as  he 
knows  them,  believing  that  such  a  course  is  the  only 
one  that  is  just  either  to  the  employer,  to  the  student, 
or  to  the  School.  When  information  is  fully  given  con- 
cerning the  position  and  desired  qualities  of  the  person 
to  fill  it,  pains  are  taken  to  select  the  student  who  is 
believed  to  be  most  suitable  for  the  position. 

In  order  to  secure  the  best  future  for  themselves, 
students  are  urged  to  neglect  no  opportunities,  even 
beyond  those  afforded  by  the  School,  to  inform  themselves 
in  the  practical  work  of  mining.  • 

The  graduates  are  also  urged  to  turn  their  attention 
to  a  field  in  which  success  is  almost  sure,  to  men  of 
ability  and  energy;  to  enter  the  mines  or  works  as 
miners,  foremen,  or  in  some  other  subordinate  capacity, 
and  thoroughly  master  every  detail  from  the  lowest  to 
the  highest  work. 
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It  is  men  who  have  had  a  thorough  education,  both 
in  the  theoretical  and  practical  mining,  and  who  have 
worked  in  every  grade  of  work,  that  are  even  now  sought 
to  take  charge  of  our  mines  and  their  allied  industries. 
The  future  is  for  the  man  who  is  willing  to  commence 
at  the  bottom  of  his  profession,  and  who  is  conscious  of 
the  truth,  that  on  graduation  he  is  only  just  prepared 
to  begin  his  work. 

The  graduates  of  the  school  are  urged  to  keep  the 
Director  constantly  informed  concerning  their  positions, 
salaries,  etc.,  and  also  what  their  desires  are,  in  order 
that  they  may  be  assisted  to  advance  if  opportunity 
offers. 

Officers  of  mines  and  others  desiring  surveyors,  engi- 
neers, draughtsmen,  foremen,  chemists,  assay  era,  etc., 
etc.,  are  requested  to  make  their  wants  fully  known  to 
the  Director  of  the  Mining  School,  who  will  then  recom- 
mend suitable  candidates  to  them,  if  he   knows   of  any. 

The  inquiry  is  frequently  made  by  persons  intending 
to  become  students,  if  they  can  attend  to  their  school 
work  and  earn  enough  to  pay  their  way  at  the  same 
time.  Such  a  course  is  not  practicable,  as  the  regular 
school  work,  if  it  is  done  as  it  should  be,  requires  the 
entire  available  time  of  any  student,  however  strong  and 
able  he  may  be.  As  a  special  student,  taking  only  a 
few  studies,  one  might  be  able  to  procure  sufficient  work 
to  pay  one's  way.  The  better  way  for  the  needy  student 
is  either  to  attend  to  his  school  and  to  his  labor  in 
alternate  years,  or  else  to  borrow  the  means  to  continue 
his  education,  repaying  through  his  increased  earning 
power  after  graduation. 

The  salaries  obtained  upon  graduation  have  been  from 
•640.00  to  *1, 500,00,  averaging  about  $900.00  per  year. 
9 
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The  lower  salaries  were  obtained  by  students  who  had 
less  practical  experience  with  men  and  with  the  world 
in  general;  these  were  obliged  to  spend  some  time  in 
acquiring  a  special  kind  of  knowledge  that  the  Mining 
School  cannot  give. 

So  far  as  known,  the  salaries  have  increased  after  a  varied 
time  from  $900.00  to  even  12,000.00  or  more  per  year, 
averaging  about  $1,200.  All  this,  however,  is  dependent 
upon  the  demand  and  supply,  the  state  of  the  mining 
industries  at  any  time,  as  well  as  upon  other  factors  too 
numerous  to  be  mentioned. 
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PRIZES    AND    SCHOLABSHIPS. 


THE  LONGYEAE  PRIZES. 

Throngh  the  liberality  of  J.  M.  Longyear,  Esq.,  of 
Marquette,  the  following  prizes  have  been  offered,  as  stated 
in  his  letter  making  the  offer,  which  is  here  appended: 

Marquette,  Michigan,  Nov.  0,  1887. 
Charles  E.  Wright,  Esq.,  Marquette: 

Dear  8ir— I  wish  to  offer  three  first  prizes  of  seventy-five  dollars 
(175)  each,  and  three  second  prizes  of  fifty  dollars  ($50)  each,  to 
be  competed  for  by  the  members  of  the  senior  class  of  the  Mich- 
igan Mining  School.  The  competition  to  be  by  means  of  papers 
on  three  subjects,  written  by  members  of  the  class  and  submitted 
to  the  Board  of  Control  for  examination,  in  such  a  manner  and 
at  such  a  time  as  the  Board  may  determine.  I  desire  subjects 
selected  with  a  view  of  producing  papers  which  will  be  of  practical 
use  in  developing  the  mineral  resources  of  the  state  of  Michigan. 
I  should  like  something  which  would  be  of  service  to  the  average 
woodsman  or  explorer,  and  suggest  the  subjects  of  Practical  Field 
Geology,  and  the  use  of  the  Dial  and  the  Dip  Compass  in  explor- 
ations, leaving  the  selection  of  the  third  subject  to  the  judgment 
of  the  Board.  If  this  offer  is  accepted  and  there  are  two  or  more 
papers  on  each  subject  submitted,  I  will  pay  seventy-five  dollars 
to  each  of  the  writers  of  the  three  papers  which  may  be  awarded 
the  first  prize,  and  fifty  dollars  to  each  of  the  writers  of  the  three 
papers  which*  may  be  awarded  the  second  prizes. 

I  would  suggest,  however,  that  in  case  only  two  papers  are  sub- 
mitted, that  the  Board  reserve  the  right  of  awarding  only  one 
prize,  in  case  such  action  should  seem  advisable.  In  case  only  one 
paper  should  be  submitted,  I  should  like  the  Board  to  exercise  its 
judgment  in  awarding  a  prize.  It  is  my  desire  to  publish  the 
papers  under  the  writer's  names,  in  pamphlet  form,  for  distribu- 
tion among  miners,  explorers,  land  owners,  and  others. 

Yours  very  truly, 

J.  M.  Longyear. 

In  conformity  with  the  above  letter,  the  Board  of  Con- 
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trol   have  decided   upon  the  following  subject*  and   con- 
ditions: 

SUBJECTS. 

1.  Field  Geology;   its  Methods  and  their  Applications. 

2.  The  Dial  and  the  Dip  Compass  and  their  Uses. 

3.  The  Diamond  Drill  and  its  Uses. 

CONDITIONS. 

The  conditions  under  which  the  prizes  are  awarded  are 
as  follows: 

The  papers  are  to  be  presented  by  September  30th,  for 
each  year. 

A  student  may  present  a  paper  upon  each  of  the  three 
subjects,  which  will  entitle  him  to  three  prizes,  if  his 
papers  are  found  worthy. 

The  dissertations  must  be  written  in  a  clear,  legible 
hand,  or  type-written,  on  letter  paper,  quarto  size.  The 
sheets  are  to  be  securely  fastened  together,  written  on  one 
side  only,  and  a  margin  of  not  less  than  one  inch  left 
all  around,  in  order  that  the  dissertation  may  be  bound 
if  desired. 

The  title  page  is  to  have  upon  it  an  assumed  name, 
and  each  dissertation  is  to  be  accompanied  by  a  sealed 
envelope  bearing  the  same  name.  This  envelope  must 
contain  the  writer's  true,  as  well  as  assumed,  name,  and 
his  address,  and  it  will  not  be  opened  until  the  awards 
have  been  made. 

No  prizes  will  be  awarded,  unless  the  papers  are  judged 
by  the  committee  to  whom  they  are  referred,  to  be  of  a 
sufficiently  high  standing  to  be  entitled  to  a  prize;  hence 
there  may  be  awarded  all,  part,  or  none  of  the  prizes,  as 
the  case  may  be. 
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These  prizes  can  now  be  competed  for  by  any  students 
of  the  school,  whether  special  or  regular,  without  restric- 
tion to  the  graduating  class,  as  was   originally  specified. 


THE   CHARLES  E.    WRIGHT   SCHOLARSHIP. 

The  Charles  E.  Wright  Scholarship  has  been  founded 
by  Mrs.  Carrie  A.  Wright,  of  Ann  Arbor,  in  accordance 
with  the  conditions  expressed  in  the  letter  given  below: 

To  the  Honorable  Board  of  Control  of  the  Michigan  Mining  School: 
Gentlemen: — In  memory  of  my  husband,  the  late  Charles  E. 
Wright,  and  as  a  token  of  the  deep  interest  he  had  in  the  Michi- 
gan Mining  School,  I  desire  to  give  to  said  school  the  sum  of  one 
thousand  dollars. 

If  said  gift  shall  be  accepted,  it  is  to  be  held  under  the  follow- 
ing conditions,  to-wit:  It  is  to  be  invested  as  a  permanent  fund 
by  the  Board  of  Control,  to  form  the  nucleus  of  a  scholarship  to 
be  known  as  the  Charles  E.  Wright  Scholarship.  The  income  is  to 
be  given  to  some  indigent  student,  by  vote  of  the  Board  of  Control, 
with  the  advice  and  consent  of  the  faculty  of  said  school. 

The  award  is  to  be  made  during  the  first  term  of  the  year  to 
some  student  who  has  a  satisfactory  record  during  the  entire  pre- 
ceding year  in  the  Michigan  Mining  School,  and  who  intends  to 
devote  himself  to  the  profession  of  Mining  Engineering  or  Geologi- 
cal work.  The  income  is  to  be  divided  into  three  equal  parts,  to 
be  paid  during  the  three  terms  of  the  year,  and  if  at  any  time  the 
conduct  or  standing  of  the  student  receiving  the  award  should 
become  unsatisfactory,  the  portion  then  remaining  unpaid  should 
be  withheld  from  him  and  given  to  some  other  student,  in  accord- 
ance with  the  terms  of  this  gift. 

(Signed)  Carrie  A.  Wright. 
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THE  NOBME  SCHOLARSHIP. 

This  scholarship  has  been  founded,  and  will  be  awarded, 
in  accordance  with  the  conditions  and  requirements 
stated  below: 

Know  aU  men  by  these  presents,  That  I,  A.  T  An  fear  Nome,  of 
the  city  of  New  York,  hereby  give,  grant,  assign  and  set  over 
unto  the  Michigan  Mining  School,  of  Houghton,  Michigan,  and  to 
Peter  White,  D.  H.  Ball  and  J.  M.  Longyear,  of  Marquette,  Mich- 
igan, as  trustees,  the  sum  of  five  thousand  dollars  ($5,000),  lawful 
money  of  the  United  States. 

The  conditions  of  this  gift,  and  upon  which  this  fund  is  to  be 
taken,  are,  that  the  said  trustees  shall  invest  the  same  upon  bond 
and  mortgage  in  the  village  of  Marquette,  or  in  the  city  of  Detroit, 
in  the  State  of  Michigan,  or  in  the  city  of  Milwaukee,  in  the  State 
of  Wisconsin,  or  in  the  city  of  Chicago,  in  the  State  of  Illinois, 
upon  unencumbered  improved  real  estate. 

That  one-half  of  the  income  of  said  sum  of  $5,000  shall  be  paid 
yearly  by  said  trustees  unto  the  Board  of  Control  for  the  support 
of  some  student  whose  father  has  worked  in,  or  in  some  way 
been  connected  with  mining  operations  in  the  Upper  Peninsula  of 
Michigan,  who  shall  be  designated  by  the  faculty  of  said  school; 
and  the  remainder  of  said  income  shall  be  accumulated  and 
invested  as  said  principal  shall  be  invested,  and  that  this  fund 
with  its  accumulations  shall  be  the  basis  of  a  larger  fund  to  be 
obtained  from  other  contributions,  amounting  to  at  least  one 
hundred  thousand  dollars  ($100,000),  to  be  used  for  the  erection  of 
a  dormitory  building  for  the  use  of  such  students  as  shall  be 
designated  by  said  faculty,  which  building,  when  erected,  shall  be 
under  the  exclusive  control  of  the  corporation  or  Board  of  Control 
of  the  said  Michigan  Mining  School. 

This  gift  is  to  the  said  trustees  and  their  successors  forever,  for 
the  benefit  of  the  said  Mining  School.  In  case  of  the  death  of 
either  of  the  said  trustees,  the  survivors  or  survivor  shall  appoint 
a  successor  or  successors. 

When  the  erection  of  said  building  shall  be  commenced,  after 
the  said  fund  of  one  hundred  thousand  dollars  is  obtained,  the 
sum  hereby  given,  with  all  its  accumulations,  shall  be  paid  over 
to  the  said  Mining  School,  for  the  purpose  aforesaid. 

Witness  my  hand,  the  80th  day  of  January,  1890. 

A.  LAifFRAB  NossiE. 
Witness.  T.  E.  O.  M.  Stetson. 
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We,  Peter  White,  D.  H.  Ball  and  J.  M.   Longyear,  the  persons 
named  in  the  above  instrument,  accept  the  trust  therein  granted, 
in  all  respects,  and  agree  to  comply  with  the  conditions  thereof. 
Witness  our  hands,  the  let  day  of  February,  1890. 

Pbtee  White, 

D.  H.  Ball, 

J.  M.  Longyear, 


THE  LONGYEAR  FUND. 

This  is  a  fund  of  $500.00  given  for  the  jear  1892-93 
by  Mr.  J.  M.  Longyear,  of  the  Board  of  Control,  to  be 
the  property  of  the  Mining  School,  to  be  loaned  to  students 
of  said  school  that  may  be  designated  by  the  Treasurer 
and  Director,  said  students  being  unable  to  maintain  their 
connection  with  the  school  without  such  aid.  This  money 
is  not  to  be. a  gift  to  the  student,  but  he  is  to  pay  it 
back  as  soon  as  practicable  after  graduation.  After  his 
graduation,  interest  will  be  charged  him  for  the  first  three 
years  at  5  per  cent,  and  for  the  following  two  years  at 
7  per  cent.  The  money  and  the  interest  are  to  go  to  the 
fnnd,  to  aid  other  students  in  the  same  way.  This 
method,  it  is  believed,  will  lead  the  student  to  a  more 
manly  feeling  than  a  gift  outright  would  produce  in 
him,  since  it  gives  him  the  means  of  paying  for  his  own 
edncation,  assists  him  when  he  most  needs  assistance,  and 
enables  him  to  return  the  money  to  aid  others,  at  a  time 
when  he  can  best  do  so.  It  is  believed  that  it  would  be 
better  if  all  funds  given  to  the  School  for  investment 
and  use,  should  be  accompanied  by  some  proviso 
that  a  certain  portion,  at  least,  of  the  income  shall  be 
paid  or  set  aside,  to  increase  the  principal  until  it  shall 
attain  a  limit  either  fixed  or  left  to  the   proper  authori- 
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ties  to  determine.  *  Such  a  method  would  enable  the  insti- 
tution in  the  future  to  do  much  more  good  than  it  would 
if  the  income  were  to  be  spent  entirely  each  year. 

The  School  is  in  great  need  of  funds  to  aid  students 
who  would  otherwise  be  unable  to  attend  this  institution. 
Aid  of  this  kind  is  frequently  sought  by  able  and  worthy 
young  men,  and  all  is  done  that  can  be  with  the  limited 
means  at  the  command  of  the  School  to  aid  them.  - 

The  Longyear  Fund  has  been  continued  for  three 
years,  and  now  amounts  to  $1,500.00. 
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DEGREES    AND    GRADUATE    INSTRUC- 
TION. 


Students  who  have  graduated  in  the  former  two  years' 
course  of  the  school  with  the  degree  of  Bachelor  of  Science 
may  obtain  the  degree  of  Mining  Engineer  by  returning 
to  the  school  and  completing  the  course  given  at  the  time 
of  such  return;  or  else  they  may  receive  it  upon  applica- 
tion to  the  Board  of  Control  and  Faculty,  and  upon 
presentation  of  satisfactory  evidence  of  two  years'  suc- 
cessful practical  work,  and  of  a  suitable  thesis  in  some 
line  oo-ordinate  with  their  course  of  study  in  this  school. 

Five  years'  successful  practical  work  of  an  advanced 
grade  will  be  required  after  September,  1894. 

The  thesis  must  be  an  original  investigation  undertaken 
in  Mining,  Mechanical  or  Electrical  Engineering,  Chem- 
istry, Metallurgy,  Petrography,  Geology,  or  in  some  allied 
subject  that  shall  belong  within  the  objects  of  this  insti- 
tution; and  it  must  be  approved  by  the  Faculty. 

Students  who  complete  the  present  course  of  three 
years,  and  present  a  satisfactory  thesis,  will  receive  the 
.  degree  of  Mining  Engineer,  or  Engineer  of  Mines  (E.  M.). 
The  thesis  must  conform  to  the  requirements  given  above, 
and  must  be  completed  and  approved  by  the  Faculty 
before  that  body  will  recommend  that  the  degree  of  Mining 
Engineer,  or  Engineer  of  Mines,  be  conferred  upon  the 
student. 

Students  who  complete  the  first  three  years  of  the  four 
years'  course  will  have  conferred  upon  them  the  degree 
of  Bachelor  of  Science,  if  they  so  desire;  those  who  com- 
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plete  the  fourth  year  of  that  coarse  will  receive  the  degree 
of  Mining  Engineer. 

Students  who  are  graduates  of  this,  or  of  other  institu- 
tions, will  be  admitted  as  special  students  to  take  any 
study  taught  in  this  school,  or  to  take  special  graduate 
instruction. 

Those  who  wish  to  become  candidates  for  a  higher 
degree  will  enter  under  the  following  conditions: 

Students  who  are  graduates  of  this  institution,  or  of 
others  of  similar  grade,  whose  course  shall  be  approved 
by  the  Faculty,  will  be  admitted  as  candidates  for  the 
degree  of  Doctor  of  Philosophy.  In  order  to  attain  this 
degree  they  must  pursue  for  at  least  two  years  an  advanced 
course  of  study  in  subjects  germane  to  the  undergraduate 
course  in  this  institution,  which  course  of  study  is  to  be 
approved  by  the  Faculty. 

One  of  the  years  of  study  may,  in  special  cases,  be  spent 
elsewhere,  and  the  work  accepted,  on  sufficient  proof  of 
its  thoroughness  and  high  character,  as  the  equivalent  of 
one  year's  work  spent  here.  But  under  no  condition  will 
the  degree  be  given,  unless  one  year  at  least  is  spent  as 
a  resident  worker  at  this  institution. 

Students  who  are  graduates  both  of  this,  or  of  an 
equivalent  professional  school,  and  also  of  some  college 
or  university  whose  course  of  study  is  accepted  by  the 
Faculty,  may  be  admitted  to  the  degree  of  Doctor  of 
Philosophy,  after  having  taken  for  at  least  one  year  an 
approved  course  of  study  at  this  institution. 

The  degree  of  Doctdr  of  Philosophy  will  be  given  only 
in  case  the  student  shall  have  shown  marked  ability  and 
power  for  original  investigation,  shall  have  passed  a  sat* 
isfactory  oral  public  examination,  and  presented  a  thesis 
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embodying  the  result  of   original  investigation  thai  shall 
be  approved  by  the  Faculty. 

Students  who  are  graduates  of  this  or  of  other  institu- 
tions having  a  satisfactory  equivalent  course,  and  who 
shall  have  pursued  here  according  to  the  above  regula- 
tions, a  successful  course  of  study,  for  the  degree  of 
Doctor  of  Philosophy,  may  at  the  same  time  receive  the 
degree  of  Mining  Engineer,  if  said  degree  has  not  been 
conferred  at  their  previous  graduation. 
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COLLECTIONS. 


For  purposes  of  illustration  and  study,  a  number  of 
collections  have  been  provided  for  the  use  of  the  students. 

.   Crystal  Models- 2,804 

Natural  Crystals 1,800 

General  Mineral  Collection.. 37,310 

Emerson  Collection  of  Minerals 550 

Exhibition  Collection  of  Minerals 1,000 

Collection  of  Thin  Sections  (1898) 2,500 

General  Rock  Collections 11,575 

Stratigraphical  and  Illustrative  Collections 500 

Collection  of  the  State  Geological  Survey,  Rocks.. ~    6,250 
Collection  of  the  Geological  Survey,  Thin  Sections..    6,298 

Zoological  Collection 1,000 

Paleontological  Collections 2,600 

68,682 

Beside  the  above  there  are  collections  of  paleontological 
charts,  metallurgical,  geological,  and  petrographical 
diagrams,  geological  models,  maps,  etc. 

Collections  of  slags,  metallurgical  products,  materials 
for  illustration  in  economic  geology,  as  well  as  some 
exhibition  collections,  have  been  commenced,  and  all 
persons  who  can  are  urged  to  contribute  to  the  school 
collections  of  minerals,  rocks,  veinstones,  ores,  slags, 
metallurgical  products,  samples  of  building  stones, 
machinery,  tools,  etc.,  and  models,  photographs  and 
prints  of  the  same,  etc. 

In  the  case  of  the  mineral  products  used  in  arts  and 
manufactures,  it  is  desired  to  procure  specimens  showing 
the  various    stages  in   the  processes  of  manufacture.     It 
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is  especially  important  for  the  School  to  receive  and 
preserve  sets  of  cores  from  drill  holes,  samples  of  ores 
from  every  mine,  with  specimens  of  the  associated  gangue 
minerals  and  rocks,  as  well  as  of  the  walls  and  associated 
country  rocks. 
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LIBRARY. 


The  Library  of  the  School  contains  at  present  8,095 
volumes,  besides  numerous  pamphlets,  and  additions  are 
constantly  made  to  it.  It  is  proposed  to  have  not  only 
a  good  reference  library  for  student  work,  bot  also  one 
that  shall  be  as  complete  as  possible  upon  the  subjects 
taught  in  the  school.  It  is  especially  desired  to  have  a 
full  set  of  all  reports  and  works*  relating  to  the  mining 
and  other  mineral  industries  of  the  districts  bordering 
on  Lake  Superior.  The  library  is  now  valuable  for  refer- 
ence, both  for  practical  and  scientific  men;  and  it  is 
freely  open  to  all  who  desire  to  consult  it. 

In  addition  to  the  school  library,  the  scientific  library 
of  the  Director  is  deposited  in  the  school  building,  and 
can  be  used  by  students  and  others.  This  library  i6 
especially  devoted  to  Crystallography,  Mineralogy,  Petro- 
graphy and  General  and  Economic  Geology. 

Contributions  of  pamphlets,  papers,  maps  and  books, 
on  subjects  germane  to  those  taught  in  this  institution 
are  solicited  for  the  Mining  School  Library.  Plans, 
drawings  and  engravings,  relating  to  mines,  mining  ma- 
chinery and  metallurgy  are  desired. 

It  is  hoped  to  make  the  Library  very  full  in  files  of  the 
different  journals  published  throughout  the  country, 
especially  in  the  mining  regions;  contributions  of  present 
and  past  numbers  of  such  journals  are  solicited  for  the 
library,  to  aid  in  making  it  a  complete  depository  of  lit- 
erature relating  to  the  progress  and  industries  of  the 
country  as  well  as  of  the  Lake  Superior  region. 
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READING    ROOM. 


Connected  with  the  Library  is  a  Reading  Room  which 
is  well  supplied  with  scientific  periodicals,  technical 
journals,  and  the  transactions  and  proceedings  of  scien- 
tific societies.  The  importance  of  periodical  literature  as 
a  means  of  bringing  before  the  student  the  results  of 
scientific  investigations  is  fully  realized,  and  the  collec- 
tion is  made  as  complete  as  possible  for  this  reason. 
Below  is  given  a  full  list  of  the  journals  on  file,  number- 
ing in  all  one  hundred  and  fifty-four. 

Contributions  of  journals  for  the  Reading  Room  are 
earnestly  solicited  throughout  the  State  and  country. 

American  Chemical  Journal,  Baltimore. 

American  Geologist,  Minneapolis. 

American  Journal  of  Mathematics,  Baltimore. 

American  Journal  of  Science,  New  Haven. 

American  Machinist,  New  York. 

American  Naturalist,  Philadelphia. 

Annalen  der  Physik  und  Chemie,  Leipzig. 

Annalen  der  Physik  und   Chemie,  Beiblatter,  Leipzig. 

Annalee  de  Ohimie  et  de  Physique,  Paris. 

Annales  de  la  Soci6t6,  G6ologique  de  Belgique,  Liege. 

Annales  des  Mines,  Paris. 

Annales  des  Ponts  et  Chauss^es,  Paris. 

Annales  des  Sciences  G6ologiques,  Paris. 

Annals  of  the  New  York  Academy  of  Science,  New  York. 

Annals  of  Mathematics,  University  of  Virginia. 

Berg-und  Huttenmaennische  Zeitung,  Leipzig. 

Berg-und  Hftttenmaennisches  Jahrbuch,  Vienna. 
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Bench te  der  deutschen  chemischen  Geeellschaft,  Berlin. 

♦Brickmaker,  Chicago. 

Builder,  London. 

♦Bulletin  of  the  American  Iron  and  Steel  Awocimtion, 
Philadelphia. 

Bulletin  of  the  Essex  Institute. 

Bulletin  of  the  Geological  Society  of  America,  Rochester, 
New  York. 

Bulletin  of  the  New  York  Mathematical  Society,  New 
York. 

Bulletin  of  the  Philosophical  Society,  Washington. 

Bulletin  de  la  Socio  te  Chimique  de  Paris. 

Bulletin  de  la  Societe  Francaise  de  Mineralogie,  Paris. 

Bulletin  de  la  Societe  Geologique  de  France,  Paris. 

•Calumet  Conglomerate,  Red  Jacket. 

*  Calumet  and  Red  Jacket  News,  Calumet. 

Chemical  News  and  Journal  of  Physical  Science, 
London. 

Chemiker  Zeitung,  Cothen,  Germany. 

Chemische  Industrie,  Berlin. 

Civilingenieur,  Leipzig. 

Colliery  Engineer,  Scranton,  Pennsylvania. 

Comptes  Rendus,  Hebdomadaires  des  Seances  de 
l'Academie  des  Sciences,  Paris. 

Connecticut  Academy  of  Arts  and  Sciences,  Transac- 
tions, New  Haven. 

♦Current,  Norway. 

♦Daily  Mining  Journal,  Marquette. 

Dingler's  Polytechnisches  Journal,  Stuttgart. 

♦Diamond  Drill,  Crystal  Falls. 

Electrical   Engineer,  New  York. 

Electrical  Engineer,  London. 

♦Gift  of^the  Publishers. 


Heading  Room.  145 

Electrical  World,  New  York. 

Electrician,  London. 

Elektroteohnische  Zeitschrift,  Berlin. 

Engineer,  New  York. 

Engineer,  London. 

Engineering,  London. 

Engineering  Magazine,  New  York. 

Engineering  Mechanics,  New  York. 

Engineering  and  Mining  Journal,  New  York. 

Engineering  News  and  American  Railway  Journal, 
New  York. 

Essex  Institute  Bulletin. 

♦Florence  Mining  News,  Florence,  Wisconsin. 

G6nie  Civil,  Paris. 

Geological  Magazine,  London. 

Industries,  London. 

Iron  Age,  New  York. 

♦Iron  Spirit,  Bessemer. 

♦Iron  Ore,  Ishpeming. 

Jahres-Bericht  der  chemischen  Tecbnologie,  Leipzig. 

Jahresbericht  fiber  die  Fortschritte  der  Ohemie, 
Braunschweig,  Germany. 

Jahrbuch  fur  das  Berg-und   Huttenwesen,  Freiberg. 

Jahrbuch  der  kaiserlich-kdniglichen  geologiscben 
Beichsanstalt,  Vienna. 

Jahrbuch  der  koniglich  preussischen  geologischen 
Landesanstalt  und  Bergakademie,  Berlin. 

♦Johns  Hopkins  University  Circulars,  Baltimore. 

Journal  of  Analytical  and  Applied  Chemistry,  Easton,  Pa. 

Journal  of  the  Association  of  Engineering  Societies, 
Chicago. 

Journal  of  the  Chemical  Society,  London, 

•Gift  of  the  Publishers, 
10 
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Journal  of  Ed  a  cat  ion,  Boston. 

Journal  of  the  Franklin  Institute,  Philadelphia. 

Journal  of  the  Iron  and  Steel  Institute,  London. 

Journal  des  Math6matiques  Puree  et  Appliqueee,  Paris. 

Journal  de  Pharmaeie  et  de  Chimie,  Paris. 

Journal  fur  praktische  Chemie,  Leipzig. 

Journal  of  the  Society  of  Arts,  London. 

Journal  of  the  Society  of  Chemical   Industry,  London. 

Justus  Liebig's  Annalen  der  Chemie,  Leipzig. 

Kritischer  Vierteljahresbericht  fiber  die  Berg-&  Hut- 
tenmannische  und  verwandte  Literatur,  Freiberg. 

♦Lake  Superior  Herald,  Weekly,  Ishpeming. 

♦Lake  Superior  Herald,  Daily,  Ishpeming. 

♦L'Anse  Sentinel,  L'Anse. 

London,  Edinburg  and  Dublin  Philosophical  Magazine 
and  Journal  of  Science,  London. 

Lumiere  l£lectrique,  Paris. 

Manufacturer  and  Builder,  New  York. 

Mathematical  Magazine,  Washington. 

Mathematical  Visitor,  Washington. 

Memoirs  of  the  American  Academy  of  Arts  and  Sciences, 
Boston. 

Memoirs  of  the  Boston  Society  of  Natural  History. 

♦Michigan  Copper  Journal,  Hancock. 

Michigan  School  Moderator,  Lansing. 

Mineralogical  Magazine  and  Journal  of  the  Mineralogi- 
cal  Society,  London. 

Mineralogische  und  petrographische  Mittheilungen, 
Vienna. 

Mining  and  Scientific  Press,  San  Francisco. 

•Mining  and  Scientific  Review,  Denver, 

Nature,  London. 

•Gift  of  the  Publishers. 
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Neues  Jahrbuch  fur  Mineralogie,  Geologic  und  Palae- 
ontologies Stuttgart. 

♦News-Record,  Ironwood. 

♦Oakland  County  Post,  Pontiac. 

Oesterreiohische  ZeitBobrift  fur  Berg-und  Huttenwesen, 
Vienna. 

♦Official  Gazette  of  the  U,  S.  Patent  Office,  Washington. 

♦Ontonagon  Herald,  Ontonagon. 

♦Ontonagon  Miner,  Ontonagon. 

Petermann's  Mittheilnngen  aus  Justus  Perthes'  geo- 
graphischer  Anstalt,  Gotha. 

Philosophical  Transactions  of  the  Royal  Society  of 
London. 

♦Pick  and  Axe,  Bessemer. 

Popular  Soience  Monthly,  New  York. 

♦Portage  Lake  Mining  Gazette,  Houghton. 

♦Printer's  Ink,  New  York. 

Proceedings  of  the  Academy  of  Natural  Sciences, 
Philadelphia. 

Proceedings  of  the  American  Academy  of  Arts  and 
Sciences,  Boston. 

Proceedings  of  the  American  Association  for  the 
Advancement  of  Science,  Salem,  Massachusetts. 

Proceedings  of  the  Boston  Society  of  Natural  History, 
Boston. 

Proceedings  of  the  Institution  of  Civil  Engineers, 
London. 

Proceedings  of  the  Institution  of  Meohanical  Engineers, 
London. 

Proceedings  of  the  Geologists'  Association,  London. 

Proceedings  of  the  London  Mathematical  Society. 

•Gift  of  the  Publisher*. 
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Proceedings  of  the  Royal  Geographical  Society  and 
Monthly  Record  of  Geography,  London. 

Proceedings  of  the  Royal  Society  of  London. 

Publishers'  Weekly,  New  York. 

Quarterly  Journal   of  the   Geological  Society,  London. 

Quarterly  Journal  of  Pure  and  Applied  Mathematics, 
London. 

Railroad  and  Engineering  Journal,  New  York. 

Report  of  the  British  Association  for  the  Advancement 
of  Science,  London. 

Revue  Universelle  des  Mines,  de  la  Metallurgie,  etc., 
Paris. 

School  of  Mines  Quarterly,  New  York. 

Science,  New  York. 

Scientific  American,  New  York. 

Scientific  American  Supplement,  New  York. 

Sitzungsberichte  der  kaiserlichen  Akademie  der  Wis- 
senschaften,  Vienna. 

Sitzungsberichte  der  kdniglich-preussischen  Akademie 
der  Wissenschaften  zu  Berlin. 

Stahl  und  Eisen  Dusseldorf. 

♦Stone,  Indianapolis. 

Technologiste,  Paris. 

*  Torch  Lake  Times,  Lake  Linden. 

*  Transactions  of  the  American  Institute  of  Mining 
Engineers,  New  York. 

Transactions  of  the  American  Society  of  Oivil  Engineers, 
New  York. 

Transactions  of  the  American  Society  of  Mechanical 
Engineers,  New  York. 

Transactions  of  the  Federated  Institute  of  Mining 
Engineers,  Newoastle-on-Tyne. 

*Gift  of  the  Publishers. 
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Transactions  of  the  Manchester  Geological  Society, 
Manchester. 

Transactions  of  the  Royal  Society  of  Canada,  Montreal. 

Transactions  of  the  Royal  Society  of  Edinburgh. 

Transactions  of  the  Academy  of  Science,  St.  Louis. 

Verhandlungen  der  k.  k.  geologischen  Reichsanstalt, 
Vienna. 

Washington  Philosophical  Society,  Bulletin. 

Zeitschrift  fur  analytische  Chemie,  Wiesbaden. 

Zeitschrift  fur  anorganische  Chemie,  Leipzig. 

Zeitschrift  fur  das  Berg-,  Hutten-,  n.  Salinen-wesen, 
Berlin. 

Zeitschrift  der  deutschen  geologischen  Gesellschaft, 
Berlin. 

Zeitschrift  fur  Erystallographie  und  Mineralogie, 
Leipzig. 

Zeitschrift  fur  physikalische  Chemie,  Leipzig. 

♦Gift  of  the  Publishers. 
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TEXT    BOOKS. 


In  1891-1892  the  following  text  books  were  used: 
Olney's  University  Algebra. 
Wentworth's  Plane  and  Spherical  Trigonometry. 
Wentworth's  Analytical  Geometry.     Last  Ed. 
Wentworth  and  Hill's  Logarithmic  Tables. 
Peck's  Practical  Calculus. 
Peck's  Analytical  Mechanics. 

Olmsted's  Natural  Philosophy,  revised  by  Sheldon. 
Johnson's  Theory  and  Practice  of  Surveying. 
Davies's  Elements  of  Surveying,  revised  by  Van  Amringe. 
Searle's  Field  Engineering. 
Merriman's  Hydraulics,  1890. 
Merriman's  Mechanics  of  Materials.     Last  Ed. 
Ooodeve's  Elements  of  Mechanism. 
Warren's  Elementary  Projection  Drawing. 
Greene's  Trusses  and  Arches,  Part  I. 
Slingo  and  Brooker's  Electrical  Engineering. 
Holmes's  The  Steam  Engine. 
E.  S.  Dana's  Text  Book  of  Mineralogy. 
A.  Geikie's  Text  Book  of  Geology. 
Smith  and  Keller's  Experiments  for  Students  in  General 
Chemistry. 
Bich  tor's  Inorganic  Chemistry. 
Elliot  and  Storer's  Qualitative  Analysis. 
Fresenius's  Qualitative  Analysis. 
Fresenius's  Quantitative  Analysis. 
Greenwood's  Steel  and  Iron. 
Peters'8  Modern  Copper  Smelting.     Second  Ed, 
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In  1892-189.3  the  following  text   books  are  being  used: 

Olney's  University  Algebra. 
Wentworth's  University  Algebra. 
Wentworth's  Plane  and  Spherical  Trigonometry. 
Wentworth's  Analytical  Geometry.     Last  Ed. 
Wentworth  and  Hill's  Logarithmic  Tables. 
Peck's  Practical  Calculus. 
Peck's  Analytical  Mechanics. 

Olmsted's  Natural  Philosophy,  revised  by  Sheldon. 
Johnson's  Theory  and  Practice  of  Surveying. 
Searle's  Field  Surveying. 
Merri man's  Hydraulics,  1890. 
Merriman's  Mechanics  of  Materials.     Last  Ed. 
Goodeve's  Elements  of  Mechanism. 
Angell's  Practical  Plane  and  Solid  Geometry. 
Greene's  Trusses  and  Arches.     Part  I. 
Slingo  and  Brooker's  Electrical  Engineering. 
Holmes's  The  Steam  Engine. 

James  D.  Dana's  System  of  Mineralogy.     Sixth  Ed. 
LeConte's  Elements  of  Geology.     Third  Ed. 
Smith  and  Keller's  Experiments  for  Students  in  General 
Chemistry. 

Rich  tor's  Inorganic  Chemistry. 

Elliot  and  Storer's  Qualitative  Analysis. 

Presenius's  Qualitative  Analysis. 

Fresenius's  Quantitative  Analysis. 

Greenwood's  Steel  and  Iron. 

Peters's  Modern  Copper  Smelting.    Third  Ed. 
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SAMPLE    EXAMINATION    QUESTIONS 

FOR    ADMISSION    TO    THE 

MINING    SCHOOL. 


ARITHMETIC. 

1.  (1).  Draw  a  line  a  decimeter  long  and  divide  it  into 

centimeters. 
(2).  What  is  the  fundamental  unit  of  length  in  the 
metric  system? 

2.  (1).  Describe  the  units   of   capacity  and   of    weight 

in  the  metric  system. 
(2).  Draw  a  cubic  centimeter;  a  cubic  decimeter. 

3.  (1).  Multipl    t  by  $  and  explain  the  process. 
(2).  Divide        by  -fT  and  explain  the  process. 

4.  Change  the  common  fractions  to  decimals   in    ques- 

tion 3,  and  perform  the  operations  there  required. 

5.  (1).  B  lost  5  per   cent    by    selling   a    hektoliter   of 

turpentine  which  cost  915.  For  what  did  he  sell 
it  a  liter? 
(2).  If  A  buys  copper  for  30  cents  per  kilogram,  and 
on  selling  it  makes  40  per  cent  on  the  cost,  after 
deducting  10  per  cent  from  his  asking  price,  what 
was  the  asking  price? 

6.  (1).  Having    sold    a    consignment    of    goods    on    3 

per  cent  commission,  the  agent  was  instructed  to 
invest  the  proceeds,  after  deducting  his  commis- 
sion of  2  per  cent.  His  whole  commission  was 
9265.     What  amount  did  he  invest? 
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(2).  If  copper  stock  pays  8  per  cent  on  the  par 
value,  at  what  price  must  it  be  purchased  to  pay 
10  per  cent  on  the  cost? 

7.  (1).  What  is   the   interest  of   $16,941.20  for  1  yr.  7 

mo.  and  28  days  at  4$  per  cent? 
(2).  What  sum  of  money,  invested  at  6£  per   cent, 
will  produce  1279,815.00  in  1  yr.  and  6  mo.? 

8.  (1).  A  ship's  chronometer,  set  at  Greenwich,  points 

to  5  h.  40  min.  20  sec.  p.  h.  when  the  sun  is  on 
the  meridian;  what  is  the  ship's  longitude? 
(2).  A  steamer  arrives  at  Halifax,  63°  36*  west  at 
4  h.  30  min.  p.  m  ;  the  fact  is  telegraphed  to 
New  York  without  loss  of  time.  The  longitude 
.of  New  York  being  74°  1'  west,  what  is  the 
time  of  the  receipt  of  the  telegram? 

9.  Extract  the  square  root  of  58.140625,  of  .0000316969. 
IO.     Extract  the  cube  root  of  10460353203,  of  .000148877. 


ALGEBRA. 


I.  Add  a— 2b  +  c,  4— 3b— c  +  2d,  4d— 3c— a,  7c— a— d ; 

and  substract  c — 2b  +  a  from  their  sum. 
2     (1).  Multiply  x*  +  x§  y— x'y'  +  xy^y4  by  x*— xy+y\ 
(2).  Divide  y§— 2b*y4+bf  by  y^by'+b'y-f  b\ 

3.  (1).  Find  the  factors  of  324  aV— 64b*,  of  y»+ y'— y— 1 

and  of  y7  +  l. 
(2).  Prove  that  xm — 1  is  exactly  divisible  by  x — 1,  m 
being  a  positive  integer. 

4.  (1).  What  is  the  sum  of  -. ^-f „    ,  — ^7—   , 

v  '  (x— y)  (x— z)'  (y— z)  (y— x) 

and    7 r-; r- 

(z— x)  (z— y). 
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(2).  Extract  tha  square  root  of  4  a*  +  9 b*  +16  c*— 12ab 
—24  bc  +  16ac. 

5.     vl).  Extract  the  square  root  of  30  +  12  v/67 

W.  Solve  Z=5-?=?+?±-3_^=o,    and    ex- 

A  \  0  O 

plain  the  transformations  necessary  for  the  solu- 
tion. 

.6  (1).  Solve  x'  +  px+q=0  and  give  the  conditions  under 
which  the  roots  are  real  and  unequal,  real  and 
equal,  and  imaginary;  also  when  are  they  equal 
numerically  with  opposite  signs. 

(2).  What  is   the  sum  of   the  two  roots  of   the  pre- 
ceding equation?    What  is  their  product?  * 

7.  (1 ).  Solve  v/£Z4*  +  y 3x  +  4  +  v/ink2=0.      . 

(2).  Find  the  values  of  x  and  y  in  the  independent, 
simultaneous  equations  x  +  y=27  and  x*  +  y*=5103. 

8.  Find  the  6th  and  the  15th  terms  of  (x— y)*,  re- 
ducing the  numerical  results  to  their  prime  factors 
and  not  performing  the  multiplications. 

9.  (1).  Prove  that,  if   the  corresponding  terms  of   two 

proportions  be  multiplied  together  or  divided  by 
each  other,  the  result,  in  either  case,  is  a  propor- 
tion. 

X  4.  z 

(2).  If  a:b=x:y=z:q,    Prove  that  a:b= 

10.     (1).  Find  the  sum  of  ten  terms  of  the  series  1,  3,  5, 

7,  etc.:  also  the  sum  of  the  entire  series,  27,  9,  3, 

1,  h  etc. 

(2).  Under  the  influence  of  a  force  g,  assumed  to  be 

Qonstant,  a  body  falls  to  the  earth  from  a  height 
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h  and  rebounds  one-half  this  distance;  it  then  falls 
again  to  the  earth  and  again  rebounds  one-half 
the  last  distance  fallen,  and  so  continues  its  motion; 
find  the  entire  distance  fallen  and  the  time  of 
falling  this  distance. 


PLANE  GEOMETRY. 


Demonstrate  the  following  propositions: 

1.  The  sum  of  the  angles  of  any  plane  triangle  is  equal 
to  two  right  angles. 

2.  Show  that  each  angle  of  an  equiangular  pentagon 
is  f  of  a  right  angle. 

3.  In  the  same  or  in  equal  circles,  angles  at  the  center 
have  the  same  ratio  as  their  intercepted  arcs.  (Two 
cases.) 

4.  An  inscribed  angle  is  measured  by  one-half  the 
intercepted  arc.     (Three  cases.) 

5.  Two  triangles  are  similar  when  an  angle  of  the  one 
is  equal  to  an  angle  of  the  other,  and  the  sides  in- 
cluding these  angles  are  proportional. 

6.  When  a  line  is  divided  in  extreme  and  mean  ratio, 
the  greater  segment  is  one  side  of  a  regular  decagon 
inscribed  in  a  circle  whose  radius  is  the  given  line. 

7.  Similar  polygons  are  to  each  other  as  the  squares 
described  on  their  homologous  sides. 

8.  The  square  described  upon  the  hypothenuse  of  a 
right  triangle  is  equivalent  to  the  sum  of  the  squares 
described  upon  the  other  two  sides. 

9.  (Problem).  Given  the  perimeters  of  a  regular  in- 
scribed and  *  similar  circumscribed  polygon,  to  com'* 
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pate  the   perimeters  of  regular  inscribed  and  circum- 
scribed polygons  of  double  the  number  of  sides. 
10.     (Problem).     To   compute  the   ratio   of   the  circum- 
ference of  a  oircle  to  its  diameter. 


SOLID  AND  SPHERICAL  GEOMETRY. 

Demonstrate  the  following  propositions: 

1.  If  a  straight  line  is  perpendicular  to  each  of  two 
straight  lines  at  their  intersection,  it  is  perpendicular 
to  their  plane. 

2.  If  two  triedral  angles  have  the  three  face  angles  of 
the  one  equal,  respectively,  to  the  three  face  angles  of 
the  other,  the  corresponding  diedral  angles  are  equal. 

3.  Two  triangular  pyramids  having  equivalent  bases  and 
equal  altitudes  are  equivalent. 

4.  The  frustum  of  a  triangular  pyramid  is  equivalent 
to  the  sum  of  three  pyramids  whose  common  altitude 
is  the  altitude  of  the  frustum,  and  whose  bases  are  the 
lower  baso,  the  upper  base  and  a  mean  proportional 
between  the  bases  of  the  frustum. 

5.  In  two  polar  triangles,  each  angle  of  one  is  measured 
by  the  supplement  of  the  side  lying  opposite  to  it  in 
the  other. 

6.  The  sum  of  the  angles  of  a  spherical  triangle  is 
greater  than  two  and  less  than  six  right  angles. 

7.  The  area  of  a  spherical  triangle,  expressed  in  spheri- 
cal degrees,  is  numerically  equal  to  the  spherical  excess 
of  the  triangle. 

8.  The  area  of  a  zone  is  equal  to  the  product  of  its 
altitude  by  the  circumference  of  a  great  circle, 
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9.     (Problem).     To  find  the  volume  of   a  spherical  seg- 
ment. 
10.     (Problem).    To   find   the   volume  of  that  part  of  a 
sphere  lying  outride  of  a  chord  revolved  parallel  to  its 
diameter  and  at  a  constant  distance  from  it. 


ELEMENTARY   PHYSICS. 

X.     (1).  Upon  what  property  do  most  of  the  characteristic 
properties  of  matter  depend. 
(2).  Name  three  general  and  five  characteristic  prop- 
erties of  matter. 

2.  (1).  Name  and  define  the  three  states  of  matter. 
(2).  Give  Newton's  laws  of  motion. 

3.  (1).  Define   work  and  energy:  give  the  formula  for 

the  calculation  of  kinetic  energy  from  weight  and 
velocity. 
(2).  Give  the  laws  of  freely  falling  bodies. 

4.  (1).  How  prove  that  the  atmosphere  has  weight? 
(2).  What  is  the  object  of  experiments  in  the  study 

of  physics? 

5.  (1).  Diagram,  and  explain  the  operation  of  the  hydro- 

static press. 
(2).  Define  specific  gravity  and  describe  the  experi- 
ments necessary  to  determine  the  specific  gravity 
of  an  irregular  solid.  If  the  specific  gravity  of 
copper  is  8.9  what  is  the  volume  in  cubic  centi- 
meters, of  a  mass  of  this  metal  which  weighs  3.2 
pounds? 

6.  (1).  What  is  the  mechanical  equivalent  of  heat?  To 

what  is  the  heat  of  a  body  due?.  Do   the  atoms 
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or  the  molecules  of  a  body  set  either  themselves 
or  one  another  in  motion? 
(2).  Give  jonr  idea  of  force.    What  is  sound?    What 
are  the  properties   of   a   musical   note?    Diagram 
and  explain  the  phonograph  and  the  telephone. 

7.  (1).  Explain  the  ways  in  which  heat  may  be  trans- 

mitted. Give  some  of  its  principal  sources  and 
effects.  Change  — 40°  F.,  to  G.  Upon  what  does 
the  boiling  point  depend? 
(2).  Define  light.  What  constitutes  the  difference 
between  light  and  heat?  Between  the  different 
colors?  What  is  the  velocity  of  light?  Of  sound 
in  the  air,  at  the  temperature  0°  C? 

8.  (1).  Give  the  laws  of   magnets.      Give  the  laws  of 

currents  of  electricity.  Explain  Ampdre's  theory 
of  the  magnet.  How  may  magnets  be  made? 
(2).  Describe  the  experiments  and  the  results  obtained 
by  the  use  of  a  galvanometer,  a  primary  coil,  a 
secondary  coil,  a  battery  and  a  magnet.  Tabulate 
the  results. 

9.  (1).     Give  Ohm's  law.      Define  ohm,   volt,   ampere. 

Draw  diagrams  showing  how  to  connect  cells  in 
series  and  in  multiple  arc  or  abreast.  If  a  Bun- 
sen  cell  has  an  eleotromotive  force  of  1.8  volts  and 
internal  resistance  of  .9  ohm,  show  how  to  con- 
nect ten  such  cells  to  get  the  greatest  current,  the 
external  resistance  being  100  ohms? 
(2).  Give  some  of  the  principal  uses  of  electric  cur- 
rents. Explain  how  such  currents  are  produced 
by  a  dynamo? 
10.  (1).  What  constitutes  the  difference  between  the 
operation  of  a  dynamo  and  that  of  an  electro- 
motor? 
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(2)  Id  charging  a  storage  battery,  what  is  stored  up 
in  it?  What  is  meant  by  "the  conservation  of 
energy  ?" 


ASTRONOMY. 


1.  What  is  the  general  structure  of  the  Solar  System, 
and  what  is  the  physical  constitution  of  the  sun  and 
its  surroundings? 

2.  What  are  the  physical  constitution  and  special  char- 
acteristics of  the  inner  group  of  planets,  including  the 
moon? 

3.  What  are  the  physical  constitution  and  character- 
istics of  the  outer  group  of  planets  ? 

4.  What  are  the  aspects,  forms  and  physical  constitu- 
tion of  the  comets,  meteors  and  shooting  stars? 

5.  What  are  nebulae;  new,  variable  and  double  stars, 
and  upon  what  evidences  are  the  views  concerning 
them  based? 

6.  How  are  stars  located  in  the  heavens?  What  are  the 
declination,  right  ascension,  hour  angle,  latitude, 
longitude;  and  what  are  the  six  parts  of  the  Polar 
triangle? 

7.  Describe  the  four  kinds  of  time  and  give  the  maximum 
variations  between  them.  How  is  the  longitude  of  a 
place  determined? 

8.  What  is  the  general  structure  of  the  universe? 

9.  State  clearly  the  Nebular  Hypothesis,  and  give  the 
evidence  upon  which  it  is  based? 

10.  Give  the  general  phenomena  of  the  tides,  their 
causes  and  laws. 
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BOOK-KEEPING. 

1.  Explain   the   use  of   day-book,   journal    and   ledger, 
and  state  the  rules  for  entering  transactions   in  them. 

2.  What  is  a  trial  balance,  and  what  is  the   process   of 
making  one? 

3.  Is  a  trial  balance  an  absolute   check?    State   reasons 
for  your  answer. 

4.  State  the  rules  for  crediting  and  debiting   bills  pay- 
able and  bills  receivable. 

In  addition  to  questions  of  the  above  character,  a 
record  of  supposed  transactions  is  given  to  the  candi- 
date to  enter  in  the  proper  manner  in  the  different 
books,  and  he  is  required  to  make  his  own  rulings. 
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BUILDINGS. 


The  main  building  now  occupied  by  the  Mining  School 
was  completed  by  the  State  in  1889,  at  a  cost  of  $75,000. 
The  building  is  constructed  of  Portage  Entry  sandstone, 
with  a  tile  roof.  It  is  heated  and  ventilated  by  steam, 
having  two  large  boilers  for  heating,  and  an  extra  boiler 
for  driving  machinery. 

The  larger  part  of  the  site  and  grounds  was  donated 
to  the  School  by  the  Honorable  Jay  A.  Hubbell,  to  whom 
the  establishment  of  the  school  is  chiefly  due.  The 
building  has  a  large  and  independent  supply  of  spring 
water,  sufficient  for  all  its  present  needs. 

The  main  building  is  109  feet  by  53  feet,  with  a  wing 
37  feet  by  25  feet.  The  interior  portion  of  the  building 
has  been  arranged  so  as  to  save  the  greatest  amount  of 
space  possible  for  the  laboratories  and  working  rooms, 
consistent  with  safety  to  the  structure  and  proper  light. 
The  halls  have  been  reduced  to  a  minimum.  The  plans 
of  the  four  floors  are  appended:  The  basement  floor  is 
used  for  a  Boiler  Room,  Weighing  Room,  Metal  and 
Wood-Working  Shops,  and  Assaying  Laboratory.  The 
first  floor  contains  the  Director's  Room,  Reading 
Room,  Library,  and  Laboratories  of  General  and 
Economic  Geology,  Petrography  and  Mineralogy.  On 
the  second  floor  are  situated  the  Mathematical  and  other 
Recitation  Rooms,  together  with  the  Laboratories  for 
Physics,  Drawing,  Surveying  and  Mining  Engineering. 
The  third  floor  is  devoted  to  the  Chemical  Laboratories, 
11 
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Chemical  Lecture  Room,  Chemical  Supply  Qoom,  Balance 
Room,  etc. 

During  the  Spring  of  1891  the  Legislature  of  the  State 
of  Michigan  appropriated  $62,000  for  the  further 
equipment  and  expenses  of  the  school  for  1891  and  1892. 

A  well  appointed  Stamp  Mill  and  Ore  Dressing  Works, 
a  small  Metallurgical  building,  etc.  complete  the  structures 
belonging  to  the  Mining  School. 


Plan  of  School  Building. 
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GRADUATES,     1888. 


JfAMK.  RESIDENCE  AND  OCCUPATION. 

Harris,  John  Luther,  S.  B Quincy. 

Mining  Engineer,  Quincy  Mine. 
Long  year,  Edmund  Joseph,  S.  B — Merritt,  Minnesota. 

Superintendent  of   the    J.    M. 
Longyear  explc 
Mesabi  Range. 

Parnall,  Sam'l  Alexander,  S.  B Ishpeming. 


Longyear  explorations  on  the 
"    abi~ 


Chief  Mining  Engineer,  Cleve- 
land and  Iron  Cliffs  Mining 
Company. 


Parnall,  William  Edward,  S.  B Ithaca. 

Electr 
Uni\ 

Reid,  William  Joseph,  S.  B Romeo. 


Electrical  Engineering,  Cornell 
University. 


Seaoer,  James  Benjamin,  S.  B Hancock. 


Civil  and  Mining  Engineer,  Lake 
Superior  Redstone  Company. 


Uren,  William  John,  S.  B Hancock. 


Civil  Engineer,  Mineral  Range 
and  Hancock  and  Calumet 
Railroads,  and  County  Sur- 
veyor, Houghton  County. 
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5AME.  RfiMDEXCE  AJfB  OC^CUPAIION. 

Ckoze,  Walter  Wilfred  Jos..  S.  B...Xegaunee. 

Chief  Mining  Engineer,  Jackson 
Iron  Company. 

Farwell,  Paul,  8.  B Anaconda,  Montana. 

Assistant    Chemist,    Anaconda 
Mining  Company. 

•:Fesino,  Herman  William.  8.  B Everett,  Washington. 

Civil  and  Mining  Engineer. 

"Haas,  Jacob,  8.  B Everett,  Washington. 

Civil  and  Mining'Engineer. 
Hoatson,  John,  8.  B Butte  City.  Montana. 

Mining    Captain,    Silver    Bow- 
Mine. 

Pryor,  Reginald  Ch apple Houghton. 

Civil  and  Mining  Engineer. 

•  .See  Graduate*  of  1890  for  the  second  degree. 
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GRADUATES,     1890. 


NAME,  RESIDENCE  AND  OCCUPATION. 

Daniell,  Joshua,  S.  B Great  Falls,  Montana. 

Assay  er,  Boston  and  Montana 
Consolidated  Copper  and  Sil- 
ver Mining  Company. 

Drake,  Frank,  S.  B Iron  Mountain. 

Chief  Mining  Engineer,  rhapirw 
Mining  Company. 

Fesing,  Herman  Wm.,  S.  B.,  E.  M Everett,  Washington. 

Civil  and  Mining  Engineer. 

Haas,  Jacob,  S.  B.,  E.  M Everett,  Washington. 

Civil  and  Mining  Engineer. 

Hodgson.  William  Adams,  8.  B Houghton. 

Sutton,  Linton  Beach,  S.  B Palmer. 

Mining  Engineer  and  Chemist* 
Volunteer  Mine. 

Wakefield,  Arthur  Albert,  S.  B... -Hurley,  Wisconsin. 

Civil  and  Mining  Engineer. 
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GRADUATES,     1891. 


NAME.  HEHIDBNCB  AND  OCCUPATION. 

Bossert,  Otto  Henry,  E.  M Freiberg,  Saxony. 

Mining  Engineering,  Bergakad- 
emie. 

Dengler,  Theodore,  E.  M Houghton. 

Sab-Inspector  Portage  Lake 
Canal  Improvement,  United 
States  Corps  of  Engineers. 

Fink,  Edward,  E.  M Milwaukee,  Wisconsin. 

Chemist  and  Metallurgist,  Geo. 
W.  Goetz  &  Co. 

Lawton,  Nathan  Oliver,  S.  B Ironwood. 

Chief  Mining  Engineer,  the 
Penokee  and  Gogebic  Develop- 
ment Company. 
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CLASS     OFFICERS. 


i 

CLASS  OF  1888. 

President Erwin  Huntington  McDonald. 

Vice  President Samuel  Reed  Tbenoove. 

Secretary  and  Treasurer. ..Donald  Gillies. 
CLASS  OF  1894. 

President Burton  Tyndall  Seeley. 

Vice  President .Joseph  Stringham,  Jr. 

Secretary Frederick  Peck  Burrall. 

Treasurer Frederick  Joseph  Brule. 

CLASS  OF  1895. 

President Royce  Elwin  Barlow. 

Vice  President Robert  John  Wood. 

Secretary John  Nelson  Esselstyn. 

Treasurer Carl  Raymond  Davis. 


OFFICERS    OF    MICHIGAN    MINING    SCHOOL    YOUNG   MEN'S 
CHRISTIAN  ASSOCIATION. 

President John  Alexander  Knight. 

Vice  President Elmer  Whipple  Durfee. 

Recording  Secretary James  Fisher. 

Corresponding  Secretary  ...Willi  am  Wraith. 

Treasurer Royce  Elwin  Barlow. 

A  "  Hand  Book  of  Useful  Imformation  for  New  Students"  enter- 
ing the  Michigan  Mining  School  is  published  by  the  Y.  M.  C.  A., 
-and  may  be  had  from  the  Secretary,  Mr.  William  Wraith,  by 
addressing  him  at  Houghton.  This  Hand  Book  gives  information 
'regarding  rooms,  boarding  houses,  churches,  societies,  examina- 
tions, and  all  other  points  of  interest  to  the  new  student,  and  will 
•be  of  considerable  service  to  him. 
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OFFICERS  OF  TBE  ATHLETIC  ASSOCIATION. 

President Burton  Tyndall  Seeley. 

Vice  President Ai  Arthur  Abbott. 

Secretary William  Wraith. 

Treasurer Donald  Cameron. 

Advisory  Committee. 

Faculty Prof.  Fred  Fraley  Sharpless. 

Class  of  1893 .Donald  Gillies. 

Class  of  1894 Louis  Edward  Riedinger. 


holders  of  scholarships,  etc. 


the  norkie  scholarship. 

1891-1892 Donald  Gillies. 

1892-1893 .Donald  Gillies. 

THE  LONG  YEAR  FUND. 

i«<Mi_iftoi  *  George  Batchelor  Church, 

isw-iwi -,  ARTHUR  Parks  stlliman. 

i«Qi  iftoo  *  George  Batchelor  Church, 

iwi  iwz )  Arthur  Parks  Sdlliman. 

1892-1893 George  Batchelor  CHURcn. 


officers  of  the  alumni  association. 

President Samuel  Alexander  Parnall,  '88.  fc 

First  Vice  President Frank  Drake,  '90.  t 

Second  Vice  President. .  Edward  Fink,  '91. 

Secretary Linton  Beach  Sutton,  '90. 

Treasurer WALTERiWiLFRBD  Joseph  Croze,  '89^ 

Director,  First  Year John  Luther  Harris,  '88. 

Director,  Second  Year.-OTTO  Henry  Bossert,  '91. 
Director,  Third  Year Edward  Vosk  Palmer,  '92. 
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1893-1894. 

Winter  Term  commences  Monday  morning,  January  9, 1893. 
Winter  Term  ends  Friday  evening,  April  14,  1893. 

Recess  of  nine  days. 

Spring  Tefm  commences  Monday  morning,  April  24, 1893. 
Spring  Term  ends  Friday  evening,  June  2,  1893. 

Snmmer  Recess. 

Snmmer  Course  in  Surveying  commences  Monday  morning, 
June  26,  1893. 

Summer  Course  in    Surveying  ends   Wednesday  evening, 
September  6,  1893. 

Summer  Shop  Practice  begins  Monday  morning,  July  17, 
1893. 

Summer  Shop  Practice  ends  Wednesday  evening,  September 
6,  1893. 

Summer  Course  in  Assaying  and  Ore?  Dressing  begins  Mon- 
day morning,  June  26,  1893. 

Summer  Course  in  Assaying  and  Ore   Dressing  ends  Fri- 
day evening,  August  4,  1893. 

Summer  Course  in    Field    Geology  begins  Monday  morn- 
ing, August  7,  1893. 

Summer  Course    in  Field    Geology  ends    Friday  evening, 
September  1,  1893. 

Commencement  Exercises,  Thursday  and  Friday,  September 
7  and  8,  1893. 
Thursday — Field  Day — all  classes,  9  a.  m.  and  2  p.  m. 
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Commencement  Exercises — Continued. 

Friday — Meeting  of  Alumni,  10  a.  m. 
Graduation  Exercises,  2  p.  m. 
Alumni  Dinner,  8  p.m. 
Recess  of  five  days. 
Fall  Term  commences  Thursday  morning,  September  14> 

1893. 
Examinations  for  admission  and  advanced  standing  com- 
mence Thursday  morning  at   9  a.   m.,  and    continue 
through  Thursday  and  Friday. 
Examinations   for    making    up    conditions   commence    on 
Thursday  at  9  a.  m.,  and  will  be  continued  through 
Thursday,  Friday  and  Saturday. 
Regular  work    for  all    classes   commences   Monday,    Sep- 
tember 18,  1893,  at  9  a.  m. 
Thanksgiving   Recess,    November,  Wednesday  noon   until 

Monday  morning. 
Fall  Term  ends  Friday  evening,  December  22,  1893. 

Recess  of  two  weeks. 
Winter  Term  commences  Monday  morning,  January  8,  1894. 
Winter  Term  ends  Friday  evening,  April  13,  1894. 
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TO  THE  PUBLIC. 


Although  this  Catalogue  is  for  the  years  1892-1894,  its 
statements  and  calendar  also  apply  to  1894-1895,  and 
1895-1896. 

This  Catalogue  does  not  follow  entirely  the  usual  form  of 
such  a  publication,  but  it  has  been  prepared  to  answer  each 
and  every  question  that  has  been  asked  the  Director  con- 
cerning the  institution  for  nearly  seven  years.  Hence  all 
persons  seeking  for  information  concerning  this  School  arc 
requested  to  look  in  the  Table  of  Contents  for  the  title  un- 
der which  their  subject  naturally  falls,  and  then  examine 
the  statements  made  upon  the  pages  referred  to. 

If  the  information  can  not  be  found,  then  application 
should  be  made  in  person  or  by  letter  to  the  Director, 
stating  what  points  are  not  understood,  or  upon  what  sub- 
jects information  is  desired.  Experience,  however,  has 
shown  that  for  the  past  three  years  hardly  any  questions 
have  been  asked,  that  have  not  been  more  fully  answered 
in  the  Catalogue  than  it  is  possible  to  do  in  a  letter.  The 
Director  is  the  proper  officer  to  apply  to  for  catalogues, 
for  all  matters  relating  to  the  courses  of  study,  admission 
qualifications,  blank  certificates,  and  in  short,  for  anything 
relating  to  the  educational  side  of  the  School;  while  all 
communications  concerning  purchases,  bills  and  financial 
matters  should  be  addressed  to  the  Treasurer  of  the  Min- 
ing School.  All  parties  writing  for  catalogues  or  infor- 
mation, are  particularly  requested  to  see  that  their  names 
and  addresses  are  legibly  and  accurately  given,  for  how- 
ever familiar  one  may  be  with  his  own  signature,  the  party 
to  whom  application  is  made  for  the  Catalogue  is  not. 
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Very  frequently  catalogues  and  letters  are  returned  to  the 
School,  owing  to  the  parties  asking  for  them  having  given 
an  imperfect  or  incorrect  address.  In  case  of  failure  of 
any  one  to  receive  the  Catalogue  or  information  required, 
he  should  write  again;  as  all  requests  of  either  kind  that 
reach  the  Director  are  promptly  attended  to,  and  the  in- 
formation or  Catalogue  sent. 


Board  of  Control. 


BOARD  OF  CONTROL  OF  THE 
MINING  SCHOOL. 


1892—1804. 

Term  Expires. 

Hon.  John  Monroe  Longyear,  Marquette June  9,  1895. 

Alfred  Kidder,  Marquette June  9,  1895. 

James  Renrick  Cooper,  Hancock June  9,  1897. 

Preston  Carpenter  Firth  West,  Calumet June  9,  1897. 

Hon.  Jay  Abel  Hubbell,  HouRhton June  9,  1899. 

Hon.  Thomas  Bree  Dunstan,  Hancock June  9,  1899. 


OFFICERS  OF  THE  BOARD  OF 
CONTROL. 


President  of  the  Board  of  Control, 
Hon.  JAY  ABEL  HUBBELL. 

Secretary  of  the  Board  of  Control, 
ALLEN  FORSYTH  REES. 

Director  of  the  Mining  School, 
MARSnMAN  EDWARD  WADSWORTH. 

Treasurer  and  Purchasing  Agent  of  the  Mining  School, 
ALLEN  FORSYTH  REES. 
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BOARD   OF   VISITORS  TO  THE    MINING 
SCHOOL. 


September  5th,  1892,  to  September  4th,  1893. 

Prof.  MORTIMER  ELWYN  COOLEY,  Ann  AnBOK,Chairman. 

EDWARD  LEROY  PARMENTER,  Vulcan. 

HUGH  BROWN,  Lansing. 


Officers  of  the  Michigan  Mining  School. 


OFFICERS  OF  THE  MICHIGAN  MINING 

SCHOOL  AND  OF  THE  STATE 

GEOLOGICAL  SURVEY. 


1892-1893. 

Maksuman   Edward  Wadsworth,    A.  B.  (Bowdoin  College), 
A.  M.,  Ph.  D.  (Harvard  University), 

Dl HECTOR  AND  STATE  GEOLOGIST, 

Professor  or  Mineralogy,  Petrography  and  Geology. 

George  Augustus  Koenig,  M.  E.  (Polytechnikum,  Karlsruhe), 

A.  M.,  Ph.  D.  (University  of  Heidelberg), 
Professor  of  Chemistry,  and  Chemist  on  the  Geological  Survey. 

Lucius    Lee  Hubbard,    A.  B.    (Harvard  University),    LL.  B. 

(Boston  University),  A.  M.,  Ph.  D.  (University  of  Bonn). 

Assistant  in  Mineralogy,  and  on  the  Geological  Survey. 

Arthur  Edward  Haynes,  M.  S.,  M.  Ph.   (Hillsdale  College), 
Professor  of  Mathematics  and  Physics. 

Horack  Bushnell  Patton,  A.  B.  (Amherst  College), 

Ph.  D.  (University  of  Heidelberg), 

Instructor  in  Mineralogy  and  Petrography,  and  Assistant  on 

the  Geological  Survey. 

Alfred  Church  Lane,  A.  M.,  Ph.  D.  (Harvard  University), 

Instructor  in  Petrography  and  Geology,  and  Assistant  on  the 

Geological  Survey. 

Edgar  Kidwell,  A.  M.  (Georgetown  University), 

M.  E.  (University  of  Pennsylvania), 
Professor  of  Mechanical  and  Electrical  Engineering. 

Fkbd  Fraley  Sharpless,  S.  B.  (University  of  Michigan), 
Professor  of  Metallurgy,  and  Chemist  on  the  Geological  Survey. 
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Fred  Warner  Denton,  C.E.  (ColumbiaCollege  School  of  Mines), 
Professor  of  Civil  and  Mining  Engineering. 

Walter  John  Baldwin,  S.  B.  (University  of  Michigan), 
Assistant  in  Surveying. 

Ai  Arthur  Abbott,  S.  B.  (Michigan  Agricultural  College), 
Assistant  in  Physics. 

Carroll  Livingston  Hoyt,  M.  E.  (Cornell  University), 
Instructor  in  Mechanical  Engineering  and  Drawing. 

Arthur  Edmund  Seaman, 
Assistant  in  Mineralogy,  and  on  the  Geological  Survey. 

Milo  Smith  Ketchum, 
Assistant  in  Surveying. 

Robert  Irwin  Bees, 
Librarian  and  Clerk. 

John  Bone  Watson, 
Draughtsman  for  the  Geological  Survey. 

James  Wilton  Shields, 
Assistant  in  the  Machine  Shops. 


Henry  Gibbs, 
Janitor  and  Supply  Clerk. 

Patrick  Robert  Dillon, 
Engineer  and  Assistant  Janitor. 

Miss  Kate  Killian, 
Stenographer  and  Typewriter  for  the  Mining  School. 

Miss  Helen  Mary  Ryan, 
Stenographer  and  Typewriter  for  the  Geological  Survey. 

John  Brimacombe, 
Janitor's  Assistant. 


Officers  of  the  Michigan  Mining  School. 


OFFICERS  OF  THE  MICHIGAN  MINING 
SCHOOL. 


1893-1894. 

Mabshman  Edwaud  Wadswortu.  A.  B.  (Bowdoin  College), 

A.  M.,  Ph.  D.  (Harvard  University), 

Director, 

Professor  of  Mineralogy,  Petrography  and  Geology. 

George  Augustus  Koenig,  M.  E.  (Polytechnikmn,  Karlsruhe) 

A.  M.,  Ph.  D.  (University  of  Heidelberg), 

Professor  of  Chemistry. 

Edgar  Kidwell,  A.  M.  (Georgetown  University), 

M.  E.  (University  of  Pennsylvania), 
Professor  of  Mechanical  and  Electrical  Engineering. 

♦FredFraley  Sharpless,  S.  B.  (University  of  Michigan), 
Professor  of  Metallurgy. 

tFRED  Warner  Denton,  C.E.  (Columbia  College  School 

of  Mines), 

Professor  of  Civil  and  Mining  Engineering. 

Fred  Walter  McNair,  S.  B.  (University  of  Wisconsin), 
Professor  of  Mathematics  and  Physics. 

Arthur  Edmund  Seaman, 
Instructor  in  Mineralogy  and  Geology. 

Ai  Arthur  Abbott,  S.  B.  (Michigan  Agricultural  College), 
E.  M.  (Michigan  Mining  School). 
Instructor  in  Mechanical  Engineering,  Drawing  and  Surveying. 


•Resigned,  to  take  effect  September  14th,  1804. 
tReslgned,  to  take  effect  June  2nd,  1894. 
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Miss  Frances  Hanna, 
Librarian  and  Secretary. 


Robert  Irwin  Rees, 
In  charge  of  the  preparation  of  the  Library  Catalogue. 

James  Wilton  Shields, 
Assistant  in  the  Machine  Shops. 

Horace  Traiton  Purfield, 
Assistant  in  the  Machine  Shops. 

Russell  Teal  Mason, 
Assistant  in  Physics. 

Carlton  Franklin  Moore, 
Assistant  in  Chemistry. 

Carl  Raymond  Davis, 
Assistant  in  Surveying. 


Henry  Gibbs, 
Supply  Clerk  and  Janitor  of  Science  Hall. 

Patrick  Robert  Dillon, 
Engineer  and  Janitor  of  Engineering  Hall. 

Miss  Kate  Killian, 
Stenographer  and  Typewriter. 

John  Brimacombe, 
Janitor's  Assistant. 


Officer*  of  the  Michigan  Alining  School. 


APPOINTMENTS   FOR  1894-1895. 


Carlton  Franklin  Moore, 
Instructor  in  Mechanical  Engineering  and  Drawing. 

Burton  Tyndall  Seeley, 
Assistant  in  Chemistry. 

Carl  Raymond  Davis, 
Assistant  in  Physics. 

Louis  Aldro  Wright, 
Assistant  in  Mineralogy. 


Assistant  in  Chemistry. 
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FACULTY  OF  THE  MINING   SCHOOL. 


Marshman  Edward  Wadsworth,  A.  M  ,  Ph.  D.f  Director, 
Professor  of  Mineralogy,  Petrography  and  Geology. 

George  Augustus  Koenig,  M.  E.,  A.  M„  Ph.  D., 

Professor  of  Chemistry. 

Edgar  Kidwell,  A.  M.,  M.  E., 
Professor  of  Mechanical  and  Electrical  Engineering. 

Fred  Fraley  Sharpless,  S.  B., 
Professor  of  Metallurgy. 

Fred  Warner  Denton,  C.  E., 
Professor  of  Civil  and  Mining  Engineering. 

Fred  Walter  McNair,  S.  B., 
Professor  of  Mathematics  and  Physics,  Secretary  of  the  Faculty. 


REGISTER  OF  STUDENTS 

FOR  THE  SCHOOL  YEAR  1892-1893. 


Graduate  Students,  1892-1893. 
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GRADUATE   STUDENTS. 


Name. 

Drake,  Frank^S.  B., 

(Michigan  Mining  School), 
Chemistry,  Mechanical  and 
Electrical  Engineering, 
Mineralogy,    Petrography 
and  Geology. 

Harris,  Herbert  Eugene,  S.  B. 
(University  of  Wisconsin,) 
Shop  Practice. 

Kampe,  Wesley  Edward,  A.  B., 
S.  B.  (Hanover  College), 
Chemistry. 

Nicol,  William,  M.  A., 
(Queen's  University), 
Assaying  and  Ore  Dressing. 

Silliman,  Arthur  Parks,  B.  L., 
(University  of  Wisconsin), 
Mathematics,  Chemistry, 
Electrical   Engineering  and 
Geology. 


Residence.  Room. 


Portland,  Oi-egon. 

Keweenaw  Club. 


Waupun,  Wis. 


Mr.  Kroll's. 


Madison,  Ind. 

Butterfleld  House. 


Kingston,  Ontario. 

Mrs.  Brimacoiube's. 


Hudson,  Wis. 


Mrs.  Burrows's. 
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CLASS   OF   1893. 


Name. 

Abbott,  Ai  Arthur,  S.  B.  (Mich- 
igan Agricultural  College), 

Church,  George  Batchelor, 

Cranson,  Robert  Edward, 

Fisher,  James, 

Gillies,  Donald, 

Harrington,  Frederick  Luce, 

Honnold,  William  Lincoln, 

Kirk,  Marcus  Eugene, 

McDonald,  Erwin  Huntington, 

McDonald,  William  Neal, 

Ropes,  Leverett  Smith, 

Tower,  Louis  Lovell, 

Trengove,  Samuel  Reed, 

Waters,  Albert  Latcha,  S.  B. 
(Michigan  Agricultural  College), 


Room. 

Mrs.  C  Didier's. 
Mrs.  Alford's. 
Mr.  Cranson's. 


Residence. 

Holt. 

Flint. 

St.  John's. 

llancock. 

Mr.  Fisher's,  Hancock. 
Lake  Linden. 

Mrs.  Alford's. 
Port  Huron. 

Mrs.  E.  M.  Hoar's. 
Camp  Point,  111. 

Keweenaw  Club. 
Cincinnati,  Ohio. 

Mrs.  Rice's. 
Lyon  Mountain,  N.  Y 

Butte  rfield  House. 
Houghton. 

Mr.  McDonald's. 
Ishpeming. 

Mrs.  Douglas's. 
Ionia. 

Mrs.  Itice's. 
Lake  Linden. 

Mrs.  Brlmacornbe's. 


Spring  Lake. 


Keweenaw  Club. 


Class  of  189b. 
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CLASS   OF   1894. 


Name 

Brule,  Frederick  Joseph, 

Burrall,  Frederick  Peck, 

Cameron,  Donald, 

Corrigan,  John  Alexander, 

Durfee,  Elmer  Whipple, 

Eby,  John  Henry,  B.  A., 
(Franklin  and  Marshall  College), 

Jones,  Maurice  Lindley, 
Kirchen,  John  George, 
Knight,  John  Alexander, 
Mason,  Clarence  George, 
Mason,  Russell  Teel, 
McCauley,  James, 


Residence. 
Lake  Linden. 

Battle  Creek. 
St.  Loitis. 
Cleveland,  Ohio. 


Room. 
Miss  Kelly's. 
Mr.  Cameron's. 
Mr.  Davey's. 


Grand  Rapids. 


Dallmeyer  Block. 


Mr.  Hummel's. 


Lancaster,  Pa. 

Mr.  Hummers. 
Mrs.  E.  M.  Hoar's. 
Dallmeyer  Block. 
Miss  Jones's,  Hancock. 
Mr.  Mason's. 
Mrs.  C.  Dldier's. 


Benton  Harbor. 
Lake  Linden. 
Ionia. 
Hancock. 
Boulder,  Colo. 


Hancock. 

Mr.  McCauley's,  Hancock. 

McCormick,  Edward  Patrick,      Calumet. 

Mrs.  Burrows' s. 

McFarlane,  George  Campbell,  Bay  City. 

Mrs.  Beard's. 

McGrath,  Michael,  Hancock. 

Mr.  McGrath's,  Hancock. 

Moore,  Carlton  Franklin,  Marquette. 

Mr.  Sparling's. 

Newton,  Lee  Luke,  Lake  Linden. 

Miss  Kelly's. 

Parks,  Henry  James,  Lake  Linden. 

Dallmeyer  Block. 


16 


Michigan  Mining  School. 


Name. 

Peiffer,  Philip, 

Ridley,  Frederick  William, 

Rtedinger,  Louis  Edward, 

Rourke,  Jerry, 

Seeley,  Burton  Tyndall, 

Stringham,  Joseph,  Jr., 

Williams,  Bert  Henry, 

Wraith,  William, 


Residence.  Room. 

Lake  Linden. 

Mrs.  C.  Dldier's. 
Newcastle-on-Tyne,  England. 

Mrs.  E.  M.  Hoar's. 
Marquette. 

Mrs.  Rice's. 
Hancock. 

Mr.  Rourke's,  Hancock. 
Qenessee  Ibumship. 

Mr.  Sparling's. 
Saginaw. 

Mr.  Stringbam's. 
Champion. 

Mr.  Ormsby's,  Hancock. 
Newcastle,  Colo. 

Mrs.  Dalltneyer. 


Class  of  1895. 


17 


CLASS   OF   1895. 


Name.  Residence. 

Barlow,  Royce  El  win,  Hastings. 

Barstow,  George  Mitchell,  Detroit. 

Bates,  Armand  Walter,  Ironxcood. 

Beard,  William  Henry,  Jr.,  Stafford,  Eng. 

Been,  John  Theodore,  Skance. 

CALnoTJN,  Charles  Andrew, 

Cameron,  William, 

Chandler,  Marion  Inez, 

Clark,  George  Clough, 

Coleman,  Milton  Watson, 

Corgan,  Will  John, 

Croze,  Lawrence  Ludger, 

Davis,  Carl  Raymond,  Helena,  Mont. 

Dockery,  Love,  Love.  Miss. 

DuBois,  Wilbur  Fisk,  Mobile,  Ala. 

Emlaw,  Harlow  Stigand,  Grand  Haven. 

Esselstyn,  John  Nelson,  Lansing. 

Greene,  Fred  Turrell,  Berlin,  Ontario. 


Room. 

Mrs.  Trim's. 

Mrs.  Beard's. 

Mrs.  Dallmeyer's. 

Mr.  Livermore's. 

Mr.  Lang's. 


Albert  Mines, 
Albert  Co.,  N.B. 

Mrs.  Mitchell's. 
St.  Louis. 

Mr.  Davey's. 
Hancock. 

Mr.  Chandler's.  Hancock. 
Springfield,  Mo. 

Mrs.  Brimacoml>e's. 
Calumet. 

Hartman  Block. 
Ontonagon. 

Mr.  Chapell's. 

Houghton. 

Mr.  Croze's. 

Mr.  Lance's. 

Mrs.  Rashleigh's. 

Mr.  Cameron's. 

Mr.  Lord's. 

Mr.  J.  Edward's. 

Mr.  Thomas's. 
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Name. 
Holbert,  Henry  Hoffman, 

Hooper,  J  ames  Knight, 

Kent,  Bamlet, 

Martin,  Nicholas  John, 

McDonald,  Donald, 

McIntyre,  Charles, 

Monroe,  William  Dearborn, 

Murray,  Robert,  Jr., 

Orr,  John  Forest, 

Paull,  Stephen,  Jr., 

Rashleioh,  William  John. 

Rose,  Robert  Seldon, 

Rowe,  David  Prescott, 

Schumann,  Adolph  Enrique, 

Slock,  George, 

Sweet,  Roy  William, 

Upham,  William  Erastus, 

Wearne,  William,  Jr., 

Webb,  Frederick  Merklee, 

Wood,  Robert  John, 

Wright,  Louis  Aldro, 

Wyckoff,  Fred  Carlton, 


Residence.  Room. 

St.  Clair. 

Mrs.  Trim's. 

Crystal  Falls. 

Mrs.  Brlmacombe's. 
Calumet. 

Hart  man  Block. 
Bessemer. 

Mr.  Sparling's. 
Calumet. 

Mrs.  Brlmacotnbe's. 
Lake  Linden. 

Miss  Jones's,  Hancock. 

Bath. 

Mrs.  Cameron's. 

Lake  Linden. 

Miss  Kelly's. 

L'Anse. 

Mr.  J.  McCurdy's. 

Calumet. 

Mr.  J.  McCurdy's. 
Houghton. 

Mrs.  Rashleigh's. 
Fonddu  Lac,  Wis. 

Keweenaw  Club. 
Chicago,  111. 

Mrs.  Dalltueyer's. 
Santiago  de  Cuba,  Cufxi. 

Mrs.  Mitchell's. 
HouglUon. 

Mr.  Slock's. 
Iron  Mountain. 

Millers  Hotel. 
Duluth,  Minn. 

Mrs.  Burrows's. 
Red  Jacket. 

Mr.  McCurdy's. 
River  Edge,  N.  J. 

Mr.  Lance's. 
Cleveland,  Ohio. 

Dallmeyer  Block. 
Villa  de  Musquiz, 
Coahuila,  Mexico. 

Keweenaw  Club. 

JacobsviUe. 

Mr.  Chandler's. 


Special  Students. 
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SPECIAL  STUDENTS. 


Name. 

Beeler,  Henry  Christian, 
Field  Geology. 

Benson,  John  Sydney, 

Chemistry  and  Mineralogy. 


Residence.  Room. 

Denver,  Colo. 

Buttorfleld  House. 


Wardner,  Idaho. 

Mr.  Liverraore's. 


Burton,  Warren  Edward, 
Chemistry. 


Geneva  Lake,  Wis. 

Douglass  House. 


Crockard,  Frank  Hearne, 
Surveying. 


Wheeling,  W.  Va. 

Keweenaw  Club. 


Croze,  Charles  Edward,  Howjhton. 

Shop  Practice. 

Cruse,  James  Alfred,  Bed  Jacket. 

Mathematics  and  Drawing. 


Mr.  Croze's. 


Mrs.  Brlmacombe's. 


Goodell,  IToratio  Stewart,  Houghtm. 

Shop  Practice. 


Mr.  GoodeH's. 


Gooding,  Louis  Ebenezer, 
Surveying. 


Berkeley,  California. 

Mrs.  Brlmacombe's. 


James,  Houghton  Edward, 
Chemistry. 

Maginn,  John  Biglin, 
Surveying. 

Oppen,  William  Adolph, 
Chemistry. 


Dtduth,  Minnesota. 

Mrs.  Healy's. 

Germantown,  Philadelphia, 
Pennsylvania. 

Mr.  J.  Edwards. 

Milwaukee,  Wis. 

Mr.  Llvermore's. 


Ross,  George  Edward, 
Chemistry. 


Hancock. 


Mr.  Ross's. 
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Name.  Residence.  Room. 

Seaman,  Arthur  Edmund,  Houghton. 

Petrography.  Mr.  Seaman's. 

Silliman,  Henry  Dickinson,  Hudson,  Wis. 

Mathematics  and  Chemistry.  Mrs.  Burrows's. 

Stevens,  Robert  Clark,  Malone,  N.  Y. 

Surveying.  Mr.  C.  Brand's. 

Watson,  John  Bone,  Opechee. 

Geology. 


Mrs.  Brimaconibe's. 


REGISTER  OF  STUDENTS 

1893-1894. 
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GRADUATE  STUDENTS. 


Name.  Residence.  Room. 

Baldwin,  Walter  John,  S.  B. 
(University  of  Michigan), 
Chemistry,  Mineralogy  and  Pe- 
trography. Houghton. 

Keweenaw  Club. 

Harris,  Herbert  Jean,  S.  B. 
(University  of  Wisconsin), 
Chemistry,   Ore    Dressing,  Me- 
chanical and   Electrical   Engi- 
neering and  Mineralogy.  Waupun,  Wis. 

Mr.  Kroll's. 

Williams,  Herbert  Baldwin, 
S.  B.  (University  of  Illinois), 
Chemistry,  Metallurgy,  Miner- 
alogy, Petrography  and  Graph- 
ical Statics.  Streator,  111. 

Mrs.  Dallmeyer's. 

Carpenter,  Alvin  Bacon,  Ph.  B. 

(Beloit  College),  Surveying.  Beloit,  Wis. 

Mr.  John  Edwards's, 
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CLASS   OF   1894. 


Name. 

Burnt  all,  Frederick  Peck, 

Cameron,  Donald, 

Chanson,  Robert  Edward, 

Durfee,  Elmer  Whipple, 

Eby,  John  Henry,  A.  B.  (Frank- 
lin and  Marshall  College), 

Jones,  Maurice  Lindley, 

Kirch  en,  JonN  George, 

Knight,  JonN  Alexander, 

McDonald,  William  Neal, 

McFarlane,  Geo  ho  is  Campbell, 

Mason,  Clarence  George, 

Mason,  Russell  Teel, 

Moore,  Carlton  Franklin, 

Ridley,  Frederick  William, 

Rourke,  Jerry, 

Seeley,  Burton  Tyndall, 

Stringham,  Joseph,  Jr., 

Tower,  Louis  Lovell, 

Watson,  JonN  Bone, 

Wraith,  William, 


Residence.  Boom. 

Battle  Cretk. 

Club  of '9ft. 
St.  Louis. 

Mr*.  P.  Didier's. 
St.  Johns. 

Club  of  *94. 
Grand  Rapids. 

Mrs.  Alford's. 

Lancaster,  Pa. 

Mr*.  Alford's. 
Benton  Harbor. 

Mr.  Kroll's. 
Lake  Linden . 

Mr.  KroU's. 

/GItiff'. 

Miss  Jones's,  Hancock. 
Houahton. 

Mr.  JlcDonald's. 
Bay  City. 

Mrs.  Beard's. 
Hancock. 

Mr.  W.  H.  Mason's,  Hancock. 
Boulder,  Colo. 

Mrs.  C.  Didier's. 
Marquette. 

Mr.  Sparling's. 
NnocaaUe-on-Tyne,  Eng. 

Mrs.  E.  M.  Hoar's. 
Hancock. 

Mr.  Rourke's,  Hancock. 
Genessce  Tmimship. 

Mr.  Sparllnp's. 
Saqinaw. 

Club  of  '9ft. 
Ionia. 

Mrs.  Rice's. 
Opechee. 

Mrs.  Briniaeombe's. 
Newcastle,  Colo. 

Mrs.  Dallmeyer's. 


Class  of  1895. 
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CLASS  OF    18!>5. 


Name. 

Residence. 

Room. 

Barlow,  Rotce  Elwin, 

Hustings, 

Mr.  James  Thomas's. 

Barstow,  George  Mitchell, 

Detroit. 

Mrs.  Beard's. 

Hates,  Armand  Walter, 

Imnwood. 

Mr.  Schnitzer's. 

Been,  John  Theodore, 

Skanee. 

Mr.  Cameron's. 

Cameron,  William, 

St.  Louis. 

Mr.  C.  Mills's. 

Coleman,  Milton  Watson, 

Calumet. 

Dallmeyer  Block. 

Davis,  Carl  Raymond, 

Helena,  Montana. 

Mr.  C.  Pryor's. 

Dockery,  Love, 

Love,  Miss. 

Mr.  Cameron's. 

DuBois,  Wilbur  Fisk, 

Mobile,  Alabama. 

Mr.  C.  Brand's. 

Emlaw,  Harlan  Stioand, 

Grand  Haven. 

Mr.  C.  Brand's. 

Hardenburg,  Louis  Martin, 

A.  B.  (Hillsdale  College), 

Tecumseh. 

Mrs.  Burrows's. 

Holbert,  Henry  Hoffman, 

St.  Clair. 

Club  of  'M. 

Kent,  Bamlet, 

Houghton. 

Dallmeyer  Block. 

Martin,  Nicholas  John, 

Bessemer. 

Mrs.  Dallmeyer's. 

M un roe,  William  Dearborn, 

Bath. 

• 

Mr.  Cameron's. 

Murray,  Robert,  Jr., 

Lake  Linden 

Miss  Kelly's. 

Orr,  John  Forest, 

VAvse. 

Mrs.  Burrows's. 

Rose,  Robert  Selden, 

Fond  du  Lac^ 

,  Wis. 

3 

Keweenaw  Club, 
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Schumann,  Enrique  Adolpho, 
Slock,  George, 
Upham,  William  Erastus, 
Wearne,  William,  Jr., 
Webb,  Frederick  Merklee, 
Wright,  Louis  Aldro, 


Wyckoff,  Fred  Carlton, 


Santiago  de  Cuba,  Cuba. 

Mr.  James  Thomas's. 
Houghton. 

Mr.  Slock's. 
DuluU^,  Minn. 

Mr.  James  Thomas's. 
Red  Jacket. 

Mrs.  Burrows's. 
River  Edge,  N.  J. 

Mr.  Lance's. 
ViUa  de  Musquiz, 
Coahuila,  Mexico. 

Keweenaw  Club. 
Jacobsvllle. 

Mr.  Hchnitxer's. 


Freshman  Class. 
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FRESHMAN   CLASS.. 


Aldrich,  William  Irving,  * 

Beard,  William  Henry, 

Croze,  Lawrence  Ludger, 

Figueroa,  Camilo,  A.  B. 
(St.  Mary's  College), 

IIoar,  Frederic  Walpole, 

Houle,  Albert  Joseph, 

McDonald,  Donald, 

Patrick,  Joh»  Cuthbert, 

Rashlkigh,  William  John, 

Russell,  Edward  Francis, 

Smith,  Willard  Joseph, 

Sweet,  Roy  William, 

Trethewey,  James  Henry, 

Walker,  Elton  Willard, 


Cold  water. 

Butterfield  House. 
Stafford,  England. 

Mr.  Harrington's. 
HoutfhUm. 

Mr.  J.  Croze's. 
SaltiUo,  Coahuila, 
Mexico. 

Mr.  Livermore's. 
HouqHton. 

Mr.  R.  M.  Hoar's. 
Negaunee. 

Mr.  Pummervillo's. 
Calumet. 

Mrs.  Brimacombe's. 
Detroit. 

Mrs.  Brimacombe's. 
Houghton. 

Mrs.  Rashlelgh's. 
Yonkers,  N.V. 

Mr.  C.  Brand's. 
Allouez. 

Mrs.  Livermore's. 
Iron  Mountain. 

Mr.  Pfelffer's. 
South  Lake  Linden. 

Butterfield  House. 
Detroit. 

Mrs.  Brimacombe's. 
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SPECIAL   STUDENTS. 


Name.  ReHidence.  Room. 

Ho  yd,  Frederick  James, 

Physics  and  Surveying.  Dollar  Bay,  Midi. 

Mr.  Berg's. 

Calhoun.  Charles  Andrew, 
Mathematics,  Drawing,   Chem- 
istry, Metallurgy    and    Petrog- 
raphy. Albert  Mine*, 

Albert  Co.%  N.  B. 

Pallnieyer  Block. 

Cogg  in,  Frederick  Griswold,  Jr., 
Chemistry,    Metallurgy,    Ore 
Dressing  and  Mineralogy.  Denver,  Col 

Mr.  Cotfg In's,  Lake  Linden. 

Crock  a  kd,  Frank  Hearne, 
Physics,    Metallurgy,    Mineral- 
ogy, Mechanical  and  Electrical 
Engineering.  Wluxling,  W.  Va. 

Keweenaw  Club. 

Croze,  Charles  Edward, 

Shop  Practice.  Houghton. 


Esselstyn,  John  Nelson, 

Drawing,  Chemistry  and  Miner- 
alogy. Lansing. 

Fesing,  Ernest, 

Shop  Practice.  Houghton. 


Mr.  Croee's. 


Mr.  J.  Edwards's. 


Mr.  Fesing's. 


Floeter,  Albert  Henry  Christopher, 
Mathematics,  Physics,  Drawing 
and  Chemistry.  Menominee. 

Mr.  Peiffer's. 
Hooper,  James  Knight, 

Mathematics,    Drawing    and 

Chemistry.  Crystal  Falls. 

Mr.  C.  Brand's! 
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Jkffers,  Fred  Alfred, 

Mineralogy.  Atlantic  Mine. 

Mr.  Peter  Thomas's. 

James,  Houghton  Edward. 

Chemistry.  IhUuth,  Minn. 

Mrs.  James  Healey's. 

Knox,  John, 

Chemistry.  Hamilton,  Ontario. 


Mr.  Shafer's. 


Lbr,  Robert  Erwin, 
Mathematics,   Drawing, 
Chemistry  and  Surveying.  Rock  Island.  III. 

Mr.  Lauge's. 

McCormick,  Edward  Patrick, 
Drawing,     Graphical     Statics, 
Chemistry,     Metallurgy,      Ore 
Dressing    and    Electrical    En- 
gineering. Calumet. 

Mrs.  Burrow**. 

Newton,  Lee  Luke, 

Mineralogy,  Graphical  Statics, 
Assaying,  Ore  Dressing  and 
Mechanical  and  Electrical  En- 
gineering. Lake  Linden. 

Mrs.  Kelly's. 

Parks,  Henry  James, 

Chemistry,    Metallurgy     and 

Mineralogy.  Lake  Linden. 

Mr.  K  roll's. 

Trubttner,  Irvino  Willard, 
Mathematics,  Physics,  Drawing, 
and  Chemistry.  Bessemer. 

Mrs.  Dallmeyer's. 

Van  Orden,  Frank  Lyon, 

Shop  Practice.  Houghton. 

Mr.  W.  Van  Orden's. 

Webb,  Francis  John, 

Physics.  Calumet. 

Mr.  Charles  Retallic's. 
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SUMMARY,    1892    1893. 


Graduate  Students 5 

Class  of  1893 14 

Class  of  1894 „ % 

Class  of  1895 40 

Special  Students K> 

101 

BY  COUNTRIES  AND  STATES. 

Alabama 1 

California 1 

Canada . .  2 

Colorado :\ 

Cuba 1 

England 2 

Idaho 1 

Illinois 2 

.  Indiana 1 

Mexico 1 

*Ti,^i~..«    j  Upper  Peninsula 44)  r. 

Michigan    j^r  Peninsula 2:)} G4 

Minnesota 2 

Mississippi 1 

Missouri 1 

Montana    1 

New  Brunswick 1 

New  Jersey 1 

New  York 2 

Ohio 3 

Oregon 1 

Pennsylvania 2 

West  Virginia 1 

Wisconsin (> 

101 
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SUMMARY,    1893    1804. 


Graduate  Students 4 

Class  of  1894 20 

Class  of  1895 25 

Class  of  1896 14 

Special  Students 19 
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BY   COUNTRIES   AND   STATES. 


Alabama 1 

Canada 1 

Colorado 3 

Cuba . 1 

England 2 

Illinois 2 

Mexico 2 

Michigan    3  Upper  Peninsula 88  J  ^ 

Micnigan    j  Lower  Penin8ula 20  f * 

Minnesota 2 

Mississippi 

Montana. 

New  Brunswick 

New  Jersey 

New  York 

Pennsylvania 

West  Virginia 

Wisconsin 3 

82 
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AVERAGE   AGE   OF   STUDENTS. 


1892-1893. 

Special  Students 244  years. 

Class  of  189T> 22  years. 

Class  of  1894 22  years. 

Class  of  1893 23*  years. 

Graduate  Students 27  years. 

Average  Age  of  all  Students 23  years. 

1893-1894. 

Special  Students 23  years. 

Freshman  Class 21  years. 

Class  of  1895 21  years. 

Class  of  J894 22  years. 

Graduate  Students 27  years. 

Average  Age  of  all  Students 22  years. 
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REQUIREMENTS   FOR   ADMISSION, 


Students  entering   the    Michigan    Mining    School    are 
divided  into  three  classes  as  follows: 


1.  Graduate  Student*    j  Enter  by  presentation   of 

(      Diplomas. 

2.  Regular  Students. 


their 


/  1.     Enter  through  examination 

j  at  the  Mining  School. 

j  2.     Enter    by    presentation    of 

'  special  certificate  of  admission. 

/  Enter     upon     presentation     of 

,,       .  i  o.    i     .  evidence   that   they   are    pre- 

3.     Special  Students.  J  ' 

1  j      pared  to  do  the  work  they  de- 

\       sire  to  take. 

The  special  details  for  entrance  are  given  below  under 
these  three  divisions. 


GRADUATE   STUDENTS. 

Graduates  of  any  high  grade  Scientific  or  Technical 
School,  College,  or  University  will  be  admitted  on  the  pre- 
sentation of  their  diplomas,  to  take  special  graduate  in- 
struction; but  they  must  satisfy  the  Faculty  that  their  pre- 
vious course  has  been  of  a  grade  entitling  them  to  the  priv- 
ileges they  seek. 

Those  graduates  who  desire  to  enter  upon  the  regular 
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undergraduate  work  of  the  Mining  School,  for  tho  purpose 
of  obtaining  the  degree  of  Bachelor  of  Science,  or  that  of 
Mining  Engineer,  at  this  institution, will  have  their  diplomas 
received  for  admission  to  the  first  year.  Such  studies  as 
these  graduates  have  taken  in  other  institutions  will  then 
be  allowed  them,  in  lieu  of  the  same  studies  in  the  under- 
graduate course  here;  provided  that  each  graduate  presents 
a  certificate  from  the  institution  from  which  he  has  grad- 
uated, that  he  has  taken  these  studies,  giving  the  rank  he 
obtained  in  each  study;  but  credit  will  be  allowed  for  those 
parts  only  that  the  Faculty  are  satisfied  are  the  real  equiv- 
alents of  the  work  in  the  Mining  School. 

The  Mining  School  courses  having  been  arranged  express- 
ly to  prepare  students  to  do  their  subsequent  professional 
work,  it  is  believed  that  the  institution  offers  unusual  facil- 
ities for  advanced  and  graduate  students  to  obtain  such  pro- 
fessional training  as  they  wish;  and  the  School  will  take 
extra  pains  to  encourage  and  assist  such  students. 


II  EflULAR    S  T  IT  I)  E  N  T  S. 
Admission  by  Examination. 

All  students  (not  graduates)  who  desire  to  enter  the  reg- 
ular undergraduate  courses  of  the  Mining  School  by  ex- 
amination, will  be  examined  in  the  following  subjects: 

Arithmetic  and  Metric  System:  either  WentworthV 
High  School,  Ray's  Higher,  Olney's  Practical,  Robinson's 
Practical,  or  an  equivalent. 

Algerra,  through  Quadratic  Equations:  cither  Went- 
worth's  School,  Olney's  Complete,  Robinson's  Elementary, 
Loomis's  Elements,  Van  Velzer  and  Slichter's  School,  or 
an  equivalent. 

Geometry — Plane,  Solid  and  Spherical:  cither 
Davies's  Legendre  revised  by   Van  Amringe,  Went  worth's 
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New,  Olney's  Revised,  Chauvenet's  revised  by  Byerly, 
Peck's  Manual,  or  an  equivalent. 

Book-keeping:  Elements  of  Single  and  Double  Entry: 
either  Bryant  and  Stratton's,  Mayhew's,  or  an  equivalent. 

Elementary  Physics:  either  Gage's  or  Avery's  Elements, 
or  an  equivalent. 

Elements  of  Astronomy:  either  Newcomb's  Popular  or 
School,  Young's  High  School,  or  an  equivalent. 

Conditions  in  Book-keeping  and  Astronomy  are  allowed 
in  these  requirements  when  necessary. 

Entrance  by  Presentation  of  Certificate. 

Candidates  who  desire  to  enter  by  certificate  are  divided 
into  two  divisions  1st,  those  eighteen  years  of  age  and  up- 
wards; and  2nd,  those  under  eighteen  years  of  age. 

1st.  A  candidate  eighteen  years  of  age  or  over  may  pre- 
sent a  certificate  from  the  superintendent  or  principal  of 
any  high  school,  academy  or  seminary  in  good  standing, 
certifying  that  the  candidate  has  studied  not  less  than  one 
year  in  that  institution;  has  been  examined  under  the  di- 
rection of  the  superintendent  or  principal  who  has  signed 
the  certificate;  and  that  the  candidate  has  passed  in  Arith- 
metic; Metric  System;  Algebra,  through  quadratic  equa- 
tions; Flams,  Solid  and  Spherical  Geometry;  Book-keep- 
ing; Elementary  Physics;  and  Elements  of  Astronomy; 
with  a  rank  of  not  less  than  eighty-five  on  a  scale  of  one 
hundred,  in  each  and  every  study  required  for  admission. 

Conditions  in  Book-keeping  and  Astronomy  are  allowed 
when  necessary. 

2nd.  Candidates  for  admission  by  certificate,  who  are 
under  eighteen  years  of  age,  must  present  a  certificate  from 
the  superintendent  or  principal  of  some  reputable  high 
school,  academy  or  seminary,  that  they  have  completed 
one  of  the  regular  courses  of  study  in  that  school  and  /tare 
graduated,  obtaining  a  rank  of  not  less  than  eighty-five  in 
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a  scale  of  one  hundred  in  each  and  every  subject  required 
for  admission  to  the  Mining  School,  and  that  the  candidate's 
rank  in  all  other  studies  in  the  school's  prescribed  course  is 
not  less  than  seventy-five  for  each  and  every  one. 

Conditions  in  Book-keeping  and  Astronomy  are  allowed 
when  necessary. 

All  pupils  admitted  on  certificate  will  be  placed  on  pro- 
bation, and  afterwards  dropped  from  the  course,  if  on  trial, 
they  shall  be  found  to  be  not  properly  qualified;  and  no 
certificate  will  be  accepted  afterwards  from  the  teachers 
and  schools  improperly  recommending  such  pupils. 

The  certificates  to  be  presented  shall  be  in  the  form  given 
here,  and  blanks  can  be  obtained  on  application  to  the 
Director,  by  letter  or  otherwise. 

Students  desiring  to  enter  on  certificate,  instead  of  by 
examination,  must  see  that  their  certificates  conform  to  the 
one  required  here,  as  only  certificates  which  do  so  conform 
will  be  received  in  place  of  an  examination. 

If  the  rank  is  given  in  some  other  form  than  the  decimal 
scale,  then  it  will  be  necessary  for  the  officer  signing  the 
certificate  to  state  what  his  marks  are  equivalent  to  in  the 
decimal  scale,  if  he  wishes  the  certificate  to  l>c  received  at 
the  Mining  School. 
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CERTIFICATE  FOR  ADMISSION    TO  THE  MICHIGAN 
MINING  SCHOOL. 

Of  Mr 

Age  of  candidate 

Name  of  school - 

Name  of  principal  or  superintendent  

Course  taken 

I  certify  that  Mr graduated  in 

the school  under  my  charge; 

that  he  was  examined  in  the  following  studies  under  my 
direction  and  that  he  obtained  the  marks  set  opposite 
each  subject.  I  further  certify  that  the  examinations,  to 
the  best  of  my  knowledge  and  belief,  have  been  con- 
ducted fairly   and  honorably.       I  also  certify   that  Mr. 

is  of  good  moral  character, 

that  his  attention  to  his  duties  has  been ...., 

and  that  his  conduct  has  been - 

I  also  send  with  this  a  catalogue  or  schedule  which  will 

show  the  course  of  study  taken  by  Mr. 

in  this  institution. 

(Signed)         


Subjects.  I  Rank. 


*Sl 


Arithmetic 

Metric  System 

Algebra,  through  Quadratics... 

Geometry,    Plane 

Geometry,  Solid 

Geometry,  Spherical 

Astronomy 

Book-keeping  

Physics 
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Other  studies  taken  to  be  given  hore,    with    the  rank 
obtained: 


UNDERGRADUATES  OF  OTHER  INSTITUTIONS. 

Undergraduates  of  any  high  grade  Scientific  and  Tech- 
nical -School,  College,  or  University,  will  be  admitted  to 
the  regular  course  in  the  Mining  School,  on  the  presentation 
of  a  certificate  from  the  proper  officers  of  that  institution, 
stating  that  said  undergraduates  have  been  regularly  ad- 
mitted to  said  school,  etc. ;  that  they  have  pursued  their 
studies  there  for  a  specified  length  of  time;  that  they  have 
passed  upon  entrance  or  subsequently  in  the  school  in  all 
the  subjects  .required  for  admission  to  the  Mining  School; 
that  their  standing  in  the  institution  in  question  is  good, 
and  that  they  have  been  honorably  dismissed  at  their  own 
request. 

If  these  undergraduates  will  also  present  proper  cer- 
tificates showing  the  ranks  obtained  in  their  respective 
institutions  in  such  subjects  as  they  have  taken  there,  all 
studies  which  shall  be  found  to  tx?  the  real  equivalents  of  the 
studies  of  the  Mining  School  course  will  be  accepted  in  lieu 
of  the  corresponding  studies  here,  if  the  certificates  pre- 
sented shall  show  that  they  obtained  a  satisfactory  rank  hot 
less  than   75  per  cent  in  those  studies;  provided  that  the 
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application  for  the  acceptance  of  their  past  work,  as  an 
equivalent  for  work  in  the  Mining  School,  shall  be  made  at 
the  time  that  the  students  in  question  join  the  Mining 
School. 

The  examination  for  acceptance  of  work  done  in  other 
institutions  is  not  generally  formal,  but  is  of  such  a  nature 
as  enables  the  Faculty  to  ascertain  if  the  work  done  is  the 
equivalent  of  the  work  here,  and  that  the  student  is  suffi- 
ciently advanced  to  be  allowed  the  credit. he  seeks. 

Conditions  in  Astronomy  and  Book-keeping  are  allowed 
when  necessary. 


ENTRANCE  CONDITIONS. 

No  student  will  be  admitted  as  a  regular  student  with 
conditions  in  any  other  subjects  than  Astronomy  and  Book- 
keeping. The  condition  in  Astronomy  must  be  made  up 
at  the  commencement  of  the  winter  term  after  entrance, 
and  the  condition  in  Book-keeping  by  the  commencement 
«*f  the  winter  term  of  the  third  year. 

In  case  of  failure  on  the  part  of  the  student,  without  sat- 
isfactory excuse,  to  make  up  his  conditions  as  required,  he 
will  be  dropped  from  the  school  and  not  allowed  to  con- 
tinue his  work  here  until  the  conditions  shall  have  been 
removed. 

It  is  necessary  for  those  who  are  preparing  to  take  the 
regular  course  in  the  Mining  School  to  give  special  atten- 
tion to  the  Mathematics  and  Physics  required  for  entrance1, 
since  a  thorough  working  knowledge  of  the  elements  of 
these  subjects  is  not  only  indispensable  for  entry  upon  the 
advanced  work  in  them,  but  is  very  important  in  its  rela- 
tion to  most  of  the  other  subjects  taken,  as  Mathematics 
and  Physics  form  a  large  part  of  the  required  preparation 
for  successful  work  in  the  other  studies  of  the  c'ourse. 
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SPECIAL  STUDENTS. 

Persons  of  suitable  age  will  be  admitted  as  special  stu 
dents  to  take  such  studies  as  they  may  be  found  qualified 
to  pursue,  but  they  will  be  required  to  take  sufficient  work 
to  occupy  all  the  time  that  is  at  their  disposal  for  school 
duties.  This  regulation  will  be  departed  from  only  for 
good  and  sufficient  reasons  in  the  case  of  persons  of  age 
and  experience.  In  case  any  of  these  special  students  in- 
tend hereafter  to  take  the  full  course  and  graduate,  they 
should  present,  so  far  as  practicable,  the  same  certificates 
as  those  entering  the  regular  course. 

When  these  special  or  partial  students  are  sufficiently 
advanced,  so  that  they  are  enabled  to  do  most  of  the  work 
of  a  certain  class,  and  expect  shortly  to  become  regular 
students  and  candidates  for  a  degree,  their  names  are  gen- 
erally given  for  convenience  in  the  catalogue  with  those  of 
the  members  of  the  class  to  which  they  most  properly  be- 
long; the  same  as  is  done  with  the  regular  students  who, 
owing  to  failure  in  one  or  more  subjects,  will  not  be  able  to 
graduate  with  the  class  with  which  they  entered. 
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THE   COURSE  OF   INSTRUCTION. 


The  Michigan  Mining  School  offers  two  courses  of  study 
in  Mining  Engineering: 

1st.  One  three  years  in  length  leading  to  the  degree  of 
Bachelor  of  Science. 

2nd.  The  other  four  years  in  length,  leading  to  the  de- 
gree of  Engineer  of  Mines. 

The  first  course  covers  the  ordinary  work  of  a  Mining 
Engineer,  while  the  second  course  is  intended  to  prepare 
one  for  the  higher  and  more  specialized  work  in  Engineer- 
ing. 

The  former  three  years'  course  will  be  discontinued  in 
1895,  except  so  far  as  it  may  be  necessary  to  continue 
some  portions  of  it  in  1896,  to  enable  some  students  to 
graduate  who  entered  with  the  class  of  1895,  but  who  from 
sickness  or  other  causes  have  been  obliged  to  fall  behind. 
No  new  students  will  be  allowed  to  take  this  course,  unless 
they  are  fully  prepared  to  enter  and  graduate  with  the 
class  of  1895. 

The  first  three  years  of  the  new  three  and  four  years' 
courses  are  identical,  enabling  the  student  to  graduate  at 
the  end  of  his  third  or  fourth  year,  at  his  option,  without 
loss  of  time. 

The  Michigan  Mining  School  is  not  a  college,  nor  an 
undergraduate  school — it  is  kept  strictly  as  a  professional 
school  of  high  grade,  in  which  it  is  intended  to  give  in- 
struction to  graduates  and  to  others  who  desire  a  profes- 
sional education. 

The  Michigan  Mining  School,  like  Theological,  Law  and 
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Medical  schools,  assumes  that  the  student's  preparatory 
and  literary  education  has  been  completed  prior  to  his  en- 
tering upon  his  professional  studies;  and  that  he  has  taken 
up  the  work  here  for  the  purpose  of  preparing  himself 
for  his  future  life  work.  Like  other  professional  schools, 
the  Michigan  Mining  School  urges  all  students  intending 
to  take  their  professional  studies  here  to  obtain  pre- 
viously an  education  of  the  broadest  and  most  liberal  char- 
acter. This  is  necessary  if  the  student  wishes  fully  to 
profit  by  his  studies  here,  and  desires  to  take  that  high 
professional  rank  that  should  be  the  ultimate  aim  of  every 
graduate. 

Although  not  required,  the  student  is  advised  to  obtain 
before  entering  the  school  a  reading  knowledge  of  some  of 
the  important  modern  languages,  as  German,  French, 
Swedish,  and  Spanish,  and  to  have  thoroughly  studied  sub- 
jects that  will  give  him  the  requisite  training  in  habits  of 
close,  iiecurate  and  logical  reasoning,  together  with  a  good 
command  of  language,  e.  g.,  Psychology,  Logic,  Rhetoric, 
Literature,  etc.  Experience  has  shown  that  of  two  students 
of  equal  ability,  the  one  that  can  give  the  time  to  obtain 
the  best  preparation,  will  in  the  end  pass  far  beyond  the  one 
that  has  had  the  inferior  training. 

While  it  is  preferred  that  students  entering  should  have 
a  liberal  education,  for  their  own  advantage,  the  Mining 
School  will  not  repel,  but  invites  and  will  try  to  assist  in 
every  possible  way,  all  those  who  have  not  been  so  fortu- 
nate, if  they  have  the  requisite  knowledge  and  ability  to 
profit  by  the  course,  and  in  conformity  with  this  idea,  it 
has  confined  its  requirements  for  admission,  in  the  case  of 
those  of  sufficient  age,  to  those  subjects  that  are  absolutely 
essential  a^  a  preparation  for  the  required  course,  the  same 
as  is  done  in  Law,  Theological  and  Medical  schools.  So, 
too,  the  course  of  instruction  is  restricted  to  those  subjects 
that  are  considered  essential  to  the  practical  work  of  a 
Mining  Engineer,  since  the  school  does  not  concern  itself 
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with  anything  except  its  legitimate  business— professional 
or  technical  education. 

In  preparing  the  course  of  instruction,  the  effort  has 
been  made  to  contribute  somewhat  to  the  solution  of  one  of 
the  greatest  educational  problems  of  the  age — properly  to 
combine  scientific  or  theoretical  knowledge  with  practical 
training.  In  pursuance  of  this  object  it  is  intended  that 
the  student  shall  be  well  grounded  in  the  principles  or  in 
the  science  of  all  the  subjects  he  studies,  while  it  is  further 
proposed  that  he  shall  also  obtain  experience  and  practice 
in  every  subject  taught,  so  far  as  the  means  and  time  at  the 
disposal  of  the  School  will  permit.  That  is,  the  student 
shall  have  an  opportunity  to  observe  and  to  verify  in  the 
laboratory,  field,  mill  or  mine,  whatever  he  shall  have 
learned  in  the  class  room. 

Further,  it  is  intended  that  the  practical  work  shall  here 
be  carried  to  such  an  extent  that  the  pupil  can  make  use  of 
it  subsequently  in  his  profession. 

To  this  end,  the  course  of  instruction  has  been  made  as 
practical  as  possible,  embodying  as  it  does  not  only  the 
experience  of  other  Mining  Schools,  but  also  that  of  vari- 
ous leading  practical  mining  men,  who  have  been  freely 
consulted  concerning  the  things  that  they  wish  men  to 
know  in  mining  work. 

•The  work  in  the  course  is  extended  and  difficult,  and  re- 
quires a  man's  ability  to  accomplish  it  satisfactorily  in  the 
given  time,  as*  it  is  so  strongly  professional.  In  case,  how- 
ever, one  is  not  able  to  do  the  work  in  the  required  time, 
he  can  readily  arrange  his  work  so  as  to  take  one  or  two 
more  years  for  it. 

In  general,  the  instruction  will  be  given  by  means  of 
lectures,  recitations,  and  laboratory  and  field  practice, 
including  the  inspection  of  mills,  mines  and  smelting 
works.  Each  student  will  receive  individual  instruction 
in  the  laboratories,  and  those  qualified  will  be  advised  and 
directed  in  original  investigations. 
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Every  facility  will  be  given  to  special  and  graduate 
students  who  desire  to  pursue  any  particular  subject  or 
subjects  taught  in  the  schools,  provided  they  enter  during 
the  time  when  that  subject  or  subjects  are  taught  in  their 
regular  order. 

In  Mathematics,  Physics.  Drawing,  Chemistry,  Miner- 
alogy, Petrography,  Geology,  etc.,  the  instruction  is  so 
given  that  any  one  who  desires  a  knowledge  of  any  of  these 
subjects, as  a  matter  of  general  education,  or  as  a  prepara- 
tion for  teaching,  or  for  some  other  profession  than  Min- 
ing Engineering,  can  profitably  study  here. 

The  amount  of  labor  is  so  great  in  accomplishing  the 
necessary  work  of  the  regular  course  in  this  institution  in 
the  given  time,  that  every  student  needs  to  present  himself 
promptly  at  tin  opening  of  the  school  year  and  remain 
until  its  close.  Every  regular  student  is  required  to  spend 
seven  hours  a  day  for  five  days  each  week  in  laboratory  or 
field  work,  or  in  recitation  or  lecture.  He  prepares  for 
his  recitations  in  time  taken  outside  of  these  seven  hours  a 
day.  When  the  work  is  of  such  a  nature  that  compara- 
tively little  outside  preparation  is  required,  then  eight  or 
ten  hours  a  day  may  be  required  in  the  shop,  mill,  field  or 
laboratory,  at  the  discretion  of  the  instructor. 

In  order  to  enable  such  students,  as  can  do  the  work  in 
the  required  time,  to  graduate  as  soon  as  possible,  and  to 
give  them  the  requisite  amount  of  laboratory,  shop 
and  field  practice,  the  course  is  extended  over  forty-five 
weeks  a  year.  This  can  be  readily  done  owing  to  the 
cool  summer  climate,  and  thus  give  in  three  or  four  years 
as  much  instruction  as  other  institutions,  having  shorter 
years,  can  do  in  four  or  five  years.  This  saves  for  the 
pupils  of  the  Mining  School  one  year  of  their  time.  As 
stated  before,  any  man  can  extend  his  course  over  a  longer 
period  of  time,  if  he  desires,  and  in  practice  many  do, 
since  the  daily  work  taxos  fully  the  capacity  of  our  best 
college  and  university  graduates. 


The  Course  of  Instruction.  45 

Since  the  instruction  is  largely  personal,  the  maximum 
amount  of  work  that  can  be  done  by  each  student  is 
limited  only  by  his  time  and  ability,  while  in  most  of  his 
studies  he  can  advance  as  far  and  as  rapidly  as  he  is  able 
to  do  consistently  with  good  work. 

Various  excursions  are  taken  to  the  mines,  mills  and 
smelting  works  in  the  vicinity,  on  Saturdays  or  on  other 
days,  as  occasion  may  require.  Some  of  these  excursions 
are  required  and  some  are  voluntary,  and  all  students  who 
join  in  them  afe  under  the  direction  of  the  instructor  in 
charge,  and  are  subject  to  discipline,  the  same  as  when  in 
the  laboratories  of  the  school. 

The  laboratories  and  buildings  are  closed  at  4  p.m.  on 
Saturdays,  and  at  6  p.m.  on  other  week  days. 

It  is  advised  that  no  student  should  endeavor  to  enter 
the  Mining  School  unless  he  is  interested  in  the  subjects 
taught,  and  intends  to  attend  strictly  to  his  business,  since 
under  these  conditions  alone  will  he  be   allowed  to  remain. 
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THE   DEPARTMENTS  OF  INSTRUCTION. 


I.  Matiiematics-]and  Physics. 

Professor  McNair  and  Mr/  Davis. 

A.  Mathematics. 

1,  Advanced  Algebra. 

2,  Trigonometry,  Plane  and  Spherical. 

3,  Analytical  Geometry. 

4,  Calculus,  Differential  and  Integral. 

B.  Physics. 

1,  Mechanics. 

2,  Heat. 

3,  Light. 

4,  Electricity. 
;"i,  Magnetism. 

6,  Laboratory  Work. 

C.  Mechanics. 

D.  Hydraulics. 

II.  Chemistry  and  Metallurgy. 

Professor  Kocnig,  Mr. .  and  Mr.   Seeley. 

A.  Chemistry. 

1,  General  Chemistry. 

2,  Blowpipe  Analysis. 

3,  Qualitative  Analysis. 

4,  Quantitative  Analysis. 

5,  Assaying. 

6,  Synthetic  Chemistry. 

B.  Metallurgy. 

1,  Theoretical  Metallurgy. 

2,  Metallurgical  Experimentation. 

3,  Metallurgical  Engineering  Designing. 
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III.  M  ECH ANICAL  AND  ELECTRICAL  ENGINEERING. 

Professor  Kidwell  and  Mr.  Moore. 

A.  Drawing. 

1,  Descriptive  Geometry. 

2,  Topographical  Drawing. 

3,  Isometric  and  Cabinet  Projection. 

4,  Free-hand  Sketching. 

B.  Mechanical  Engineering. 

1,  Properties  of  Materials. 

2,  Mechanism. 

3,  Mechanics  of  Materials. 

4,  Engineering  Appliances. 

5,  Steam  Engineering. 

6,  Shop  Practice. 

?,  Testiug  of  Materials  of  Engineering. 
8,  Mechanical  Engineering  Designing. 

C.  Electrical  Engineering. 

1,  Electrical  Instruments  and  Measurements. 

2,  Electrical  Engineering. 

3,  Laboratory  Practice. 

IV.  Civil  and  Mining  Engineering. 

Professor and  Mr.  Abbott. 

1,  Plane  Surveying. 

2,  Railroad  Surveying. 

3,  Mine  Surveying. 

4,  Mining. 

5,  Mine  Accounts. 

6,  Mining  Engineering. 

7,  Engineering  Construction. 

8,  Mining  Engineering  Designing. 
i>,  Ore  Dressing. 

10,  Practical  Work  (Mines,  Mill  and  Field). 

V.  Mineralogy,  Petrography  and  Geology. 

Director  Wadsworth,  Mr.  Seaman  and  Mr.  Wright. 
A.     Mineralogy. 

1,  Crystallography. 

2,  Physical  Mineralogy. 

3,  Chemical  Mineralogy. 

4,  Determinative  Mineralogy. 

5,  Laboratory  Practice. 
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B.  Petrography. 

1,  Microscopic  Mineralogy. 

2,  Macroscopic  Lithology. 

3,  Microscopic  Lithology. 

4,  Petrology. 

5t  Laboratory  Practice. 

C.  Biology. 

1,  Botany. 

2,  Zoology. 

3,  Paleontology. 

4,  Latx>ratory  Practice. 

D.  Geology. 

1,  Stratigraphical  Geology. 

2,  Physical  Geology. 

3,  Chemical  Geology. 

4,  Economic  Geology. 

5,  Field  Geology. 


£°*<£ 
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OUTLINE  OF  THE  THREE  YEARS  COURSE 

OF  STUDY  FOR  THE  DEGREE  OF 

BACHELOR  OF  SCIENCE. 


FIRST,  OR  FRESHMAN,  YEAR. 

Fall  Term— Fourteen  Weeks. 

Mathematics:  Higher  Algebra.  Lectures  and  Recita- 
tions.    Five  hours  a  week. 

Professor  McNair. 

Mathematics:  Plane  Trigonometry.  Lectures  and  Reci- 
tations.    Two  hours  a  week. 

Professor  McNair. 

Physics:  Elementary  Mechanics  and  Heat.  Lectures, 
Recitations  and  Laboratory  Work.  Eight  hours 
a  week. 

Professor  McNair  and  Mr.  Davis. 

Drawing:  Drawing-instruments  and  Materials,  Plane 
Geometrical  Problems,  Projection,  Develop- 
ment, Intersection  of  Lines,  Surfaces  and 
Solids,  Tinting,  Lettering,  Round  Writing. 
Lectures  and  work  in  Drawing  Room.  Twelve 
hours  a  week. 

Mr.  Moore. 

Chemistry:  General  Principles  and  Non-metals.  Lec- 
tures, Recitations  and  Laboratory  work.    Eight 
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hours  a  week  for  eight  weeks.     Five  hours  a 
week  for  six  weeks. 
Professor  Koenig,  Mr.  _ . and  Mr.  Seeley. 

Surveying:     Lectures  and   Recitations.      Three  hours  a 
week  for  six  weeks. 

Professor . 


Winter  Term— Fourteen  Weeks. 

Mathematics:  Spherical  Trigonometry.  Lectures  and 
Recitations.     Two  hours  a  week. 

Professor  McNair. 

Mathematics:  Analytic  Geometry.  Recitations.  Five 
hours  a  week. 

Professor  McNair. 

Physics:  Light,  Electricity  and  Magnetism.  Lectures, 
Recitations  and  Laboratory  work.  Eight  hours 
a  week. 

Professor  McNair  and  Mr.  Davis. 

Drawing:  Topographical  Drawing;  Making  Scales,  Plat- 
ting, Topographical  Signs.  Lectures  and  work 
in  the  Drawing  Room.     Ten  hours  a  week. 

Professor and  Mr.  Moore. 

Surveying:  Lectures  and  Recitations.  Three  hours  a 
week. 

Professor . 

Chemistry:     General  Principles  and  Elements.    Lectures, 
Recitations  and  Laboratory  work.     Seven  hours 
a  week. 
Professor  Koenig,  Mr.  Seeley  and  Mr. . 
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Summer  Term— Seventeen  Weeks. 

Mathematics:  Higher  Algebra.  Lecturas  and  Recita- 
tions.    Five  hours  a  week  for  six  weeks. 

Professor  McNair. 

Mathematics:  Analytic  Geometry.  Recitations.  Five 
hours  a  week  for  six  weeks. 

Professor  McNair. 

Physics:  Electricity  and  Magnetism.  Lectures,  Recita- 
tions and  Laboratory  work.  Ten  hours  a  week 
for  six  weeks. 

Professor  McNair  and  Mr.  Davis. 

Chemistry:     Blowpipe  Analysis.     Introduction  to  Quali- 
tative   Analysis.       Lectures,    Recitations    and 
Laboratory  work.     Twenty  hours  a  week  for 
six  weeks. 
Professor  Koenig,  Mr.  Seeley  and  Mr . 

Surveying:  Plane,  Topographical  and  Railroad  Survey- 
ing. Lectures,  Recitations,  and  Practical  work 
in  the  Field  and  Drawing  Room.  Forty-five 
hours  a  week  for  eleven  weeks. 

Mr.  Abbott  and  Mr.  Davis. 
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SECOND,  OR  SOPHOMORE,  YEAR. 

Fall  Term— Fourteen  Weeks. 

Mathematics:  Difforonti:il  ami  Integral  Calculus.  Lec- 
tures and  Recitations.     Five  hours  a  week. 

Professor  McNair. 

Drawing:     Descriptive   Geometry,    Lettering    and   Con- 
struction Drawing  from  Rough  Sketches  and  Models. 
Lectures,  and  work  in  Drawing  Room.     Four 
hours  a  week. 

Mr.  Moore. 

Chemistry:     Qualitative  Analysis.     Recitations  and  Lab- 
oratory work.     Eight  hours  a  week. 
Professor  Koenig,  Mr.  Seeley  and  Mr. 

Botany:  Lectures  and  Recitations.  Two  hours  a  week 
for  eight  weeks. 

The  Director. 
Zoology:     Lectures  and  Recitations.     Two  hours  a  week 
for  eight  weeks. 

Mr.  Seaman. 

Properties  of  Materials:  Wrought  and  Cast  Iron, 
Steel,  Copper,  Tin,  Zinc,  Antimony,  Bismuth, 
Alloys,  Timber,  Brick,  Mortar,  Cements,  etc. 
Lectures  and  Recitations.     Two  hours  a  week. 

Mr.  Moore. 

Mining  and  Mine  Surveying:  Lectures  and  Recitations. 
Four  hours  a  week  for  six  weeks. 

Professor . 
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Mineralogy:    Crystallography,  Physical  and  Determina- 
tive  Mineralogy.       Lectures,   Recitations  and 
Laboratory  work.     Twelve  hours  a  week. 
The  Director,  Mr.  Seaman  and  Mr.  Wright. 


Winter  Term— Fourteen  Weeks. 

Mathematics:     Integral  Calculus.     Lectures  and  Recita 
tions.     Three  hours  a  week. 

Professor  McNair. 

Mechanics:  Analytical  Mechanics.  Lectures  and  Reci- 
tations.    Four  hours  a  week. 

Professor  McNair. 

Drawing:  Machine  Drawing,  Tracing,  Blue  Printing, 
Making  Drawings  from  Models.  Lectures 
and  work  in  Drawing  Room.  Four  hours  a 
week. 

Mr.  Moore. 

Chemistry:     Qualitative  and  Quantitative  Analysis. 

Lectures,    Recitations  and   Laboratory    work. 
Eight  hours  a  week. 
Professor  Koenig,  Mr. and  Mr.  Seeley. 

Mining  and  Mine  Surveying:  Lectures  and  Recitations. 
Four  hours  a  week. 

Professor 

Mineralogy:     Physical   and  Determinative   Mineralogy. 
Lectures,    Recitations  and   Laboratory    work. 
Twelve  hours  a  week. 
The  Director,  Mr.  Seaman  and  Mr.  Wright. 
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Summer  Term — Seventeen  Weeks, 

Mining  and  Mine  Surveying:      Practical   work   in   the 
Mines.     Forty-five  hours  a  week  for  six  weeks. 
Professor and  Assistant. 

Assaying:      Lectures    and   Practical    work.       Forty-five 
hours  a  week  for  one  week. 

Shopwork:     Practical    work    in    Pattern    and    Machine 
Shops.     Forty-five  hours  a  week  for  ten  weeks. 
Professor  Kidwell,  Mr.  Shields  and  Mr.  Purfield. 


THIRD,  OK  JITNIOR,  YEAH. 

Fall  Term— Fourteen   Weeks. 

Mechanics:  Analytical  Mechanics.  Recitations.  Two 
hours  a  week. 

Professor  McNair. 

Chemistry:    Quantitative    Analysis.      Lectures,    Recita- 
tions  and    Laboratory    work.       Ten    hours   a 
week. 
Professor  Koenig,  Mr and  Mr.  Seeley. 

Metallurgy:  Fuel,  Refractory  Materials,  Iron,  Steel 
and  Aluminum.  Lectures  and  Recitations.  Five 
hours  a  week. 

Professor  Koenig. 
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Mechanism:  Laws  of  Motion,  Link  work,  Cams,  Teeth 
of  Wheels,  Aggregate  Motion,  etc.  Lectures 
and  Recitations.     Three  hours  a  week. 

Mr.  Moore. 

Mechanics  of  Materials:  Application  of  Principles  of 
Statics  to  Rigid  Bodies,  Elasticity  and  Resist- 
ance of  Materials,  Discussion  of  Beams,  Col- 
umns and  Shafts,  Combined  Stresses,  Testing 
of  Materials.  Lectures  and  Recitations.  Three 
hours  a  week. 

Professor  Kidwell. 

Mining  Engineering:  Lectures  and  Recitations.  Four 
hours  a  week  for  six  weeks. 

Professor 

Paleontology:  Lectures,  Recitations  and  Laboratory 
Work.     Four  hours  a  week  for  eight  weeks. 

Mr.  Seaman. 

Petrography:  Microscopic  Mineralogy,  Determinative 
Lithology.  Lectures,  Recitations  and  Labora- 
tory work.     Six  hours' a  week. 

The  Director  and  Mr.  Seaman. 

Physical  Geology:  Lectures  and  Recitations.  Two 
hours  a  week. 

The  Director. 


Winter  Terni — Fourteen  Weeks. 

Drawing:     Lectures  and  work  in  Drawing  Room.     Four 
hours  a  week. 

Professor  Kidwell. 
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Drawing:     Graphical  Statics;  Analysis  of  Roof  Trusses 
of  various  standard    designs.      Lectures    and 
work  in  Drawing  Room.     Three  hours  a  week. 
Professor and  Mr.  Moore. 

Metallurgy:  Copper,  Lead,  Silver  and  Gold.  Lectures 
and  Recitations.     Three  hours  a  week. 

Professor  Koenig. 

Mechanical  Engineering,  continued:  Lectures  and  Re- 
citations.    Four  hours  a  week. 

Professor  Kidwell. 

Electrical  Engineering:  Batteries,  Ammeters,  Ortho- 
meters,  Electrical  Measurements,  Magnets, 
Electro-Magnetic  Induction  and  Theory  of  the 
Dynamo.  Lectures  and  Recitations.  Three 
hours  a  week. 

Professor  Kidwell. 

Mining  Engineering  and  Mine  Accounts:  Lectures 
and  Recitations.     Four  hours  a  week. 

Professor . 

Petrography:  Microscopic  Mineralogy,  Determinative 
Lithology,  Petrology.  Lectures,  Recitations 
and  Laboratory  work.     Six  hours  a  week. 

The  Director  and  Mr.  Seaman. 

Stratigraphical  Geology:  Lectures,  Recitations  and 
Laboratory  work.     Five  hours  a  week. 

Mr.  Seaman. 

Physical  Geology:  Lectures  aud  Recitations.  Three 
hours  a  week. 

The  Director. 
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Summer  Term — Seventeen  Wcthi. 

Chemistry:    Quantitative  Analysis.      Lectures,    Recita- 
tions and  Laboratory  work.     Forty-five  hours 
a  week  for  six  weeks. 
Professor  Koenig,  Mr. and  Mr.  Seeley. 

Assaying:     Practical  work  in  the  Laboratory  with  Lec- 
tures   and    Recitations.       Forty-five  hours    a 
week  for  two  weeks. 
Professor  Koenig,  Mr. and  Mr.  Seeley. 

Mechanical  Engineering:  Practice  in  the  Testing  Lab- 
oratory. Forty-five  hours  a  week  for  three 
weeks. 

Professor  Kid  well  and  Mr.  Moore. 

Field  Geology:  Practical  work  in  the  Field.  Forty-five 
hours  a  week  for  six  weeks. 

The  Director  and  Mr.  Seaman. 


GRADUATION. 
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OUTLINE  OF  THE  FOUR  YEARS  COURSE 

OF  STUDY  FOR  THE  DEGREE  OF 

ENGINEER  OF  MINES. 


FIRST,  OR  FRESHMAN,  YEAR. 

Fall  Term — Fourteen  Weeks. 

Mathematics:  Higher  Algebra.  Lectures  and  Recita- 
tions.    Five  hours  a  week. 

Professor  McNair. 

Mathematics:  Plane  Trigonometry.  Lectures  and  Reci- 
tations.    Two  hours  a  week. 

Professor  McNair. 

Physics:  Elementary  Mechanics  and  Heat.  Lectures, 
Recitations  and  Laboratory  Work.  Eight  hours 
a  week. 

Professor  McNair  and  Mr.  Davis. 

Drawing:  Drawing-instruments  and  Materials,  Plane 
Geometrical  Problems,  Projection,  Develop- 
ment, Intersection  of  Lines,  Surfaces  and 
Solids,  Tinting,  Lettering,  Round  Writing. 
Lectures  and  work  in  Drawing  Room.  Twelve 
hours  a  week. 

Mr.  Moore. 

Chemistry:    General  Principles  and  Elements.    Lectures, 
Recitations    and    Laboratory    Work.      Eight 
hours  a  week  for  eight  weeks.     Five  hours  a 
week  for  six  weeks. 
Professor  Koenig,  Mr.  Seeley  and  Mr. . 
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Surveying:     Lectures  and  Recitations.      Three  hours  a 
week  for  six  weeks. 

Professor 


Winter  Term— Fourteen  Weeks. 


Mathematics:  Spherical  Trigonometry.  Lectures  and 
Recitations.     Two  hours  a  week. 

Professor  McNair. 

Mathematics:     Analytic  Geometry.      Recitations.     Five 

hours  a  week. 

Professor  McNair. 

Physics:  Light,  Electricity  and  Magnetism.  Lectures, 
Recitations  and  Laboratory  work.  Eight  hours 
a  week. 

Professor  McNair  and  Mr.  Davis. 

Drawing:  Topographical  Drawing;  Making  Scales,  Plat- 
ting, Topographical  Signs.  Lectures  and  work 
in  the  Drawing  Room.     Ten  hours  a  week. 

Professor and  Mr.  Moore. 

Surveying:     Lectures  and   Recitations.     Three  hours  a 

week. 

Professor . 

Chemistry:     General  Principles  and  Elements.    Lectures, 
Recitations  and  Laboratory  work.     Seven  hours 
a  week. 
Professor  Koenig,  Mr and  Mj\  Seeley, 
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Summer  Term — Seventeen  Weeks. 

Mathematics:  Higher  Algebra.  Lectures  and  Recita- 
tions.    Five  hours  a  week  for  six  weeks. 

Professor  McNair. 

Mathematics:  Analytic  Geometry.  Recitations.  Five 
hours  a  week  for  six  weeks. 

Professor  McNair. 

Physics:  Electricity  and  Magnetism.  Lectures,  Recita- 
tions and  Laboratory  work.  Ten  hours  a  week 
for  six  weeks. 

Professor  McNair. 

Chemistry:     Blowpipe  Analysis.     Introduction  to  Quali- 
tative   Analysis.      Lectures,    Recitations    and 
Laboratory  work.     Twenty  hours  a  week  for 
six  weeks. 
Professor  Koenig,  Mr and  Mr.  Seeley. 

Surveying:  Plane,  Topographical  and  Railroad  Survey- 
ing. Lectures,  Recitations,  and  Practical  work 
in  the  Field  and  Drawing  Room.  Forty-five 
hours  a  week  for  eleven  weeks. 

Mr.  Abbott  and  Mr.  Davis. 


Outline  of  the  Course  of  Study.  61 

SECOND,  OR  SOPHOMORE,  YEAR. 
Fall  Term— Fourteen  Weeks. 

Mathematics:  Differential  and  Integral  Calculus.  Reci- 
tations.    Five  hours  a  week. 

Professor  MeNair. 

Drawing:  Descriptive  Geometry,  Lettering  and  Con- 
struction Drawing  from  Rough  Sketches  and 
Models.  Lectures,  and  work  in  Drawing  Room. 
Four  hours  a  week. 

Mr.  Moore. 

Chemistry:     Qualitative  Analysis.     Recitations  and  Lab- 
oratory work.     Eight  hours  a  week. 
Professor  Koenig,  Mr and  Mr.  Seeley. 

Botany:  Lectures  and  Recitations.  Two  hours  a  week 
for  eight  weeks. 

The  Director. 

Zoology:  Lectures  and  Recitations.  Two  hours  a  week 
for  eight  weeks. 

Mr.  Seaman. 

Properties  of  Materials:  Wrought  and  Cast  Iron, 
Steel,  Copper,  Tin,  Zinc,  Antimony,  Bismuth, 
Alloys,  Timber,  Brick,  Mortar,  Cements,  etc. 
Lectures  and  Recitations.     Two  hours  a  week. 

Mr.  Moore. 

Mining  and  Mine  Surveying:  Lectures  and  Recitations. 
Four  hours  a  week  for  six  weeks. 

Professor . 
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Mineralogy:     Crystallography,  Physical  and  Determina- 
tive  Mineralogy.       Lectures,   Recitations  and 
Laboratory  work.     Twelve  hours  a  week. 
The  Director,  Mr.  Seaman  and  Mr.  Wright. 


Winter  Term — Fourteen  Weeks. 

Mathematics:  Integral  Calculus.  Lectures  and  Recita- 
tions.    Three  hours  a  week. 

Professor  McNair. 

Mechanics:  Analytical  Mechanics.  Lectures  and  Reci- 
tations.    Four  hours  a  week. 

Professor  McNair. 

Drawing:  Machine  Drawing,  Tracing,  Blue  Printing, 
Making  Drawings  from  Models.  Lectures 
and  work  in  Drawing  Room.  Four  hours  a 
week. 

Mr.  Moore. 

Chemistry:     Qualitative  and  Quantitative  Analysis. 

Lectures,    Recitations  and    Laboratory    work. 
Eight  hours  a  week. 
Professor  Koenig,  Mr. and  Mr.  Seeley. 

Mining  and  Mine  Surveying:  Lectures  and  Recitations. 
Four  hours  a  week. 

Professor 

Mineralogy:     Physical   and  Determinative   Mineralogy. 
Lectures,    Recitations   and   Laboratory    work. 
Twelve  hours  a  week. 
The  Director,  Mr.  Seaman  and  Mr.  Wright 
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Summer  Term — Seventeen  Weeks. 

Mining  and  Mine  Surveying:      Practical  work  in   the 
Mines.     Forty-five  hours  a  week  for  six  weeks. 
Professor and  Assistant. 

Assaying:      Lectures   and   Practical    work.       Forty-five 
hours  a  week  for  one  week. 

Professor  Koenig  and  Mr.  Seeley. 

Shopwork:     Practical    work    in    Pattern    and    Machine 
Sho|xs.     Forty-five  hours  a  week  for  ten  weeks. 
Professor  Kidwell,  Mr.  Shields  and  Mr.  Purfield. 


THIRD,  OR  JUNIOR,  YEAR. 

Fall  Term— Fourteen  Weeks. 

Mechanics:     Recitations.      Two  hours  a  week. 

Professor  McNair. 

Chemistry:     Quantitative    Analysis.      Lectures,    Recita- 
tions  and    Laboratory    work.       Ten    hours    a 
week. 
Professor  Koonior,  Mr _  _  and  Mr.  Seeley. 

Metallurgy:  Fuel,  Refractory  Materials,  Iron,  Steel 
and  Aluminum.  Lectures  and  Recitations.  Five 
hours  a  week. 

Professor  Koenijjf. 
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Mechanism:  Laws  of  Motion,  Linkwork,  Cams,  Teeth 
of  Wheels,  Aggregate  Motion,  etc.  Lectures 
and  Recitations.     Three  hours  a  week. 

Mr.  Moore. 

Mechanics  of  Material:  Application  of  Principles  of 
Statics  to  Rigid  Bodies,  Elasticity  and  Resist- 
ance of  Materials,  Discussion  of  Beams,  Col- 
umns and  Shafts,  Combined  Stresses,  Testing 
of  Materials.  Lectures  and  Recitations.  Three 
hours  a  week.  * 

Professor  Kidwell.  } 

Mining  Engineering:  Lectures  and  Recitations.  Four 
hours  a  week  for  six  weeks. 

Professor  Denton. 


Paleontology:  Lectures,  Recitations  and  Laboratory  j 
Work.     Four  hours  a  week  for  eight  weeks.  t 

Mr.  Seaman.  I 

Petrography:  Microscopic  Mineralogy,  Determinative  * 
Lithology.  Lectures,  Recitations  and  La  bora-  j 
tory  work.     Six  hours  a  week. 

The  Director  and  Mr.  Seaman. 

Physical  Geology:      Lectures   and    Recitations.       Two 
hours  a  week. 

The  Director. 


Winter  Ihin — FourUai  Wfek*. 

Drawing:     Lectures  and  work  in  Drawing  Room.     Four 
hours  a  week. 

Professor  Kidwell  and  Mr.  Moore. 
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Drawing:  Graphical  Statics;  Analysis  of  Roof  Trusses  of 
various  standard  designs.  Locturos  and  work 
in  Drawing  Room.     Three  hours  a  week. 

Professor and  Mr.  Moore. 


Metallurgy:  Copper,  Load,  Silver  and  Gold.  Lectures 
and  Recitations.     Three  hours  a  week. 

Professor  Koenig. 

Mechanical  Engineering:  Lectures  and  Recitations. 
Four  hours  a  week. 

Professor  Kidwell. 

Electrical  Engineering:  Batteries,  Ammeters,  Ortho- 
meters,  Electrical  Measurements,  Magnets, 
Electro-Magnetic  Induction  and  Theory  of  the 
Dynamo.  Lectures  and  Recitations.  Three 
hours  a  week. 

Professor  Kidwell. 

Mining  Engineering  and  Mine  Accounts:  Lectures 
and  Recitations.     Four  hours  a  week. 

Professor 

Petrography:  Microscopic  Mineralogy,  Determinative 
Lithology,  Petrology.  Lectures,  Recitations 
and  Laboratory  work.     Six  hours  a  week. 

The  Director  and  Mr.  Seaman. 

Stratigraphical  Geology:  Lectures,  Recitations  and 
Laboratory  work.     Five  hours  a  week. 

Mr.  Seaman. 

Physical  Geology:      Lectures  and   Recitations.      Three 

hours  a  week. 

The  Director. 


* 
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Engineering  Appliances:  Pumps,  Gauges,  Lubricators. 
Safety  Valves.  Fuel  Heaters,  etc.  Lectures 
and  Recitations.     One  hour  a  week. 

Mr.  Moore. 


Elective, 


EUhi'r 

Synthetic  Chemistry:  Library  and  Laboratory  work. 
Twenty- three  hours  a  wreek. 

Professor  Koenig. 

Or 

Metallurgical  Designing:  Work  in  the  Drawing  Room. 
Seven  hours  a  week. 

Professor  Koenig  and  Mr.  Moore. 

Electrical  Engineering:  Motors  and  their  applications. 
Storage  Batteries,  Arc  and  Incandescent  Lamps, 
Wiring,  Electrical  Fittings,  etc.,  continued. 
Lectures  and  Recitations.      Two  hours  a  wrcek. 

Professor  Kidwell. 

Mining  Engineering  Designing:  Designing  Shaft  Houses, 
Rock  Houses,  Mine  Plants,  Laying  out  Loca- 
tions, etc.  Work  in  the  Drawing  Room.  Nine 
hours  a  week. 

Professor and  Mr.  Moore. 

Economic  Geology.  Lectures  and  Recitations.  Five 
hoix**s  a  week. 

The  Director. 
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Summer  Term— Seventeen  Weeks. 

Metallurgical    Experimentation:      Laboratory    work. 
Forty-five  hours  a  week  for  seven  weeks. 
Professor  Koenig,  Mr and  Mr.  Seeley. 

Ore  Dressing:    Practical  work  in  the  Stamp  Mill.     For- 
ty-five hours  a  week,  four  weeks. 

Professor and  Assistant. 

Mechanical  Engineering:    Practice  in  the  Testing  Lab- 
oratory.    Forty-five  hours  a  week,  six  weeks. 
Professor  Kidwell  and  Mr.  Moore. 

Thesis. 
GRADUATION. 
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OUTLINE  OF- THE  COURSE  OF  STUDY  FOR 

THE   CLASS  OF   1895   FOR  THE 

DEGREE  OF  ENGINEER 

OF  MINES. 


FIRST  YEAR. 

Fall  Term — Fourteen  Weeks. 

Mathematics:  Higher  Algebra.  Lectures  and  Recita- 
tions.    Five  hours  a  week. 

Professor  McNair. 

Mathematics:  Plane  Trigonometry.  Lectures  and  Reci- 
tations.    Two  hours  a  week. 

Professor  McNair. 

Physics:  Elementary  Mechanics  and  Heat.  Lectures 
and  Recitations.      Three  hours  a  week. 

Professor  McNair. 

Drawing:  Drawing  Instruments  and  Materials,  Plane 
Geomet  rical  Problems,  Projection,  Develop- 
ment, Round  Writing.  Lectures  and  work  in 
Drawing  Room.     Ten  hours  a  week. 

Mr.  AblMitt 

Chemistry:  General  Principles  and  Non-Metals,  Blow- 
pipe Analysis.  Lectures,  Recitations  and  Lab- 
oratory work.     Four  hours  a  week. 

Professor  Koenig. 
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Mineralogy:  Crystallography  and  Determinative  Min- 
eralogy. Lectures,  Recitations  and  Laboratory 
work.     Eleven  hours  a  week. 

The  Director  and  Mr.  Seaman. 


Winter  Term— Fourteen  Weeks. 

Mathematics:  Spherical  Trigonometry.  Lectures  and 
Recitations.     Two  hours  a  week. 

Professor  McNair. 

Mathematics:  Analytic  Geometry.  Recitations.  Five 
hours  a  week. 

Professor  McNair. 

Physics:  Light,  Electricity  and  Magnetism.  Lectures 
and  Recitations.     Three  hours  a  week. 

Professor  McNair. 

Drawing:  Intersection  of  Lines,  Surfaces  and  Solids, 
Tinting,  Lettering,  Round  Writing.  Lectures 
and  work  in  the  Drawing  Room.  Eight  hours 
a  week  for  six  weeks. 

Mr.  Abbott. 

Drawing:  Topographical  Drawing,  Making  Scales,  Plat- 
ting, Topographical  Signs.  Lectures,  and 
work  in  the  Drawing  Room.  Eight  hours  a 
week  for  eight  weeks. 

Professor  Denton  and  Mr.  Abbott. 

Chemistry:  Metals.  Lectures,  Recitations  and  Labora- 
tory work.     Four  hours  a  week. 

Professor  Koeni^ 
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Sukv eying:     Lectures  and   Recitations.      Two    hours   a 
week. 

Professor  Denton. 

Mineralogy,  Determinative:     Lectures,  Recitations  and 
Laboratory  work.     Eleven  hours  a  week. 

The  Director  and  Mr.  Seaman. 


Spring  Term — Six  Weeks. 

Mathematics:  Analytic  Geometry.  Recitations.  Five 
hours  a  week. 

Professor  McNair. 

Physics:  Recitations  and  Practical  Laboratory  work. 
Fifteen  hours  a  week. 

Professor  McNair. 

Chemistry:  Introduction  to  Qualitative  Analysis.  Reci- 
tations and  Laboratory  work.  Fifteen  hours  a 
week. 

Professor  Koenig  and  Mr.  Moore. 


Summer  Term— Eleven  Weeks. 

Surveying:  Plane,  Topographical  and  Railroad  Survey- 
ing. Lectures,  Recitations  and  practical  work 
in  the  Field  and  Drawing  Room.  Five  days  a 
week. 

Mr.  Abbot  and  Mr.  Davis. 
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SECOND  YEAR. 

Fall  Term— Fourteen  Week*. 

Mathematics:  Differential  and  Integral  Calculus.  Lec- 
tures and  Recitations.     Five  hours  a  week. 

Professor  McNair. 

Drawing:  Descriptive  Geometry,  Lettering  and  Con- 
struction Drawing  from  Rough  Sketches  and 
Models.  Lectures,  and  work  in  Drawing 
Room.     Six  hours  a  week. 

Mr.  Abbott. 

Chemistry:  Qualitative  Analysis.  Recitations  and  Lab- 
oratory work.     Twelve  hours  a  week. 

Professors  Koenig  and  Sharpless. 

Metallurgy:  Fuel,  Refractory  Materials,  Iron,  Steel 
and  Aluminum.  Lectures  and  Recitations.  Four 
hours  a  week. 

Professor  Sharpless. 

Petrography:  Optical  and  Microscopic  Mineralogy,  De- 
terminative Lithology.  Lectures,  Recitations 
and  Laboratory  work.     Eight  hours  a  week. 

The  Director. 

Winter  Term— Fourteen  Weeks, 

Mathematics:  Integral  Calculus.  Lectures  and  Recita- 
tions.    Two  hours  a  week. 

Professor  McNair. 

Mechanics,  Analytical:    Recitations.    Five  hours  a  week. 

Professor  McNair, 
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Drawing:  Machine  Drawing,  Tracing,  Blue  Printing, 
Making  Drawings  from  Models.  lectures 
and  work  in  Drawing  Room.  Four  hours  a 
week. 

Mr.  Abbott. 

Chemistry:  Qualitative  and  Quantitative  Analysis.  Re- 
citations and  Laboratory  work.  Ten  hours  a 
week. 

Professors  Koenig  and  Sharpless. 

Properties  of  Materials:  Wrought  and  Cast  Iron, 
Steel,  Copper,  Tin,  Zinc,  Antimony,  Bismuth, 
Alloys,  Timber,  Brick,  Mortar,  Cements,  etc. 
Lectures  and  Recitations.     Two  hours  a  week. 

Mr.  Abbott. 

Mechanism:  Laws  of  Motion,  Linkwork,  Cams,  Teeth 
of  Wheels,  Aggregate  Motion,  etc.  Lectures 
and  Recitations.     Three  hours  a  week. 

Mr.  Abbott. 

Mining  and  Mine  Surveying:  Lectures  and  Recitations. 
Four  hours  a  week. 

Professor  Denton. 

Stratigraphical  Geology  and  Paleontoi/>gy:  Lectures, 
Recitations  and  Laboratory  Work.  Five  hours 
a  week. 

Mr.  Seaman. 


Summer  Term — Seventeen  Weeks. 

Mine  Surveying  and  Mining:      Practical   work   in   the 
Mines.     Five  days  a  week  for  six  weeks. 

Professor  Denton  and  Mr.  Abbott, 
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Shopwork:     Practical    work    in    Pattern    and    Machine 
Shops.      Forty-tive  hours  a  week  for  eleven 
weeks. 
Professor  Kidwell,  Mr.  Shields  and  Mr.  Purfield. 


THIRD  YEAR. 

Full  Term— Fourteen  Weeks. 

Drawing:  Graphical  Statics;  Analysis  of  Roof  Trusses 
of  various  standard  designs.  Lectures,  and 
work  in  Drawing  Room.     Four  hours  a  week. 

Mr.  Abbott. 

Chemistry:  Quantitative  Analysis.  Lectures,  Recita- 
tions and  Laboratory  work.  Ten  hours  a 
week. 

Professor  Koenig. 

Metallurgy:  Copper  and  Lead.  Lectures  and  Recita- 
tions.    Three  hours  a  week. 

Professor  Sharpless. 

Ore  Dressing:  Lectures  and  Recitations.  One  hour  a 
week. 

Professor  Sharpless. 

Mechanics  of  Materials:  Application  of  Principles  of 
Statics  to  Rigid  Bodies,  Elasticity  and  Resist- 
ance of  Materials,  Discussion  of  Beams, 
Columns  and  Shafts,  Combined  Stresses,  Test- 
ing of  Materials.  Lectures  and  Recitations. 
Three  hours  a  week. 

Professor  Kidwell. 

Mechanical  Engineering:  The  Steam  Engine  and 
Allied  Subjects.  Lectures  and  Recitations. 
Five  hours  a  week. 

Professor  Kidwell. 
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Electrical  Engineering:  Batteries,  Ammeters,  Ortho- 
meters,  Electrical  Measurements,  Magnets, 
Electro-Magnetic  Induction  and  Theory  of 
the  Dynamo.  Lectures  and  Recitations.  Four 
hours  a  week. 

Professor  Kidwell. 

Physical  Geology:  Lectures  and  Recitations.  Five 
hours  a  week. 

The  Director. 


Winter  Tenn — Fourteen   Weeks. 

Drawing:  Designing,  Floors,  Trestles,  Flumes,  Steain 
Piping,  Arrangement  of  Steam  Plants.  lec- 
tures, and  work  in  the  Drawing  Room.  Four 
hours  a  week. 

Professor  Kidwell. 

Chemistry:  Metallurgical  Analysis.  Recitations  and 
Laboratory  work.     Seven  hours  a  week. 

Professors  Koenig  and  Sharpless. 

Metallurgy:  IxmmI,  Silver  and  Gold.  Lectures  and  Re- 
citations.    Two  hours  a  week. 

Professor  Sharpless. 

Ore  Dressing:  Lectures  and  Recitations.  One  hour  a 
week. 

Professor  Sharpless. 

Mechanical  Engineering:  The  Steam  Engine  contin- 
ued, Steam  Boilers,  Fuel,  Steam  Pumps.  Lec- 
tures and  Recitations.     Four  hours  a  week. 

Professor  Kidwell. 
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Engineering  Appliances:  Gauges,  Lubricators,  Safety 
Valves,  Fuel  Heaters,  etc.  Lectures  and  Reci- 
tations.    One  hour  a  week. 

Mr.  Abbott 

Electrical  Engineering:  -Motors  and  their  Applica- 
tions, Storage  Batteries,  Arc  and  Incandescent 
Lamps,  Wiring,  Electrical  Fittings,  etc.  Lec- 
tures and  Recitations.     Four  hours  a  week. 

Professor  Kidwell. 

Mining  Engineering  and  Mine  Accounts:  Lectures 
and  Recitations.     Four  hours  a  week. 

Professor  Denton. 

Hydraulic  and  Structural  Engineering:  Lectures  and 
Recitations.     Three  hours  a  week. 

Professor  Denton. 

Economic  Geology.  Lectures  and  Recitations.  Five 
hours  a  week. 

The  Director. 


Summer  Term — Seventeen   Weeks. 

Preparation  of  Thesis. 

Assaying:    Practical  work  in  the  Laboratory,  with  Lec- 
tures   and    Recitations.       Forty-five  hours    a 
week  for  two  weeks. 
Professors  Koenig  and  Sharpless  and  Mr.  Trengove. 

Ore  Dressing:    Practical  work  in  the  Stamp  Mill.     For- 
ty-five hours  a  week,  four  weeks. 

Professor  Sharpless. 
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Field  Geology:    Practical  work  in  the  Field.    Forty-five 
hours  a  week,  six  weeks. 
The  Director,  Mr.  Seaman  and  Mr.  Burrall. 


GRADUATION. 
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DEPARTMENTS   OF   INSTRUCTION. 


MATHEMATICS. 
PROFESSOR  McNATR. 

As  will  be  seen  by  a  detailed  examination  of  the  follow- 
ing pages  of  this  Catalogue,  the  subjects  of  this  department 
form  the  necessary  foundation  for  a  great  part  of  the 
student's  subsequent  work  in  his  course;  and  they  are 
taken  as  a  preparation  for  this  work,  as  well  as  for  their 
value  in  actual  engineering  practice,  and  in  affording  men- 
tal discipline. 

It  is  the  intention,  therefore,  to  give  the  instruction  in 
this  department  in  such  a  manner  as  will  give  prominence 
to  those  subjects  or  portions  of  subjects  which  will  be  of 
actual  use  to  the  student,  and,  later,  to  the  engineer.  It 
follows  that  many  things,  of  interest  only  to  the  specialist 
in  mathematics,  are  entirely  omitted. 

The  value  of  the  study  of  mathematics  in  developing  the 
power  to  do  vigorous  and  logical  thinking  is  not  lost  sight 
of,  but  it  is  thought  that  the  effort  to  master  the  logic 
of  the  subjects  necessary  to  the  engineer  will  afford  the 
student  ample  opportunity  to  develop  this  power. 

Every  effort  is  made  to  see  that  the  student  takes  advan- 
tage of  the  opportunity  thus  offered.  At  each  step  of  his 
progress  he  is  required  to  think.  The  ability  to  describe 
a  given  method,  or  to  correctly  quote  a  given  formula,  and 
to  apply  either  to  a  given  case,  is  in  no  instance  accepted 
as  sufficient.  The  student  is  required  to  logically  derive 
the  method  or  formula,  and  to  rigidly  demonstrate  its  cor- 
rectness. 
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Attention  is  again  called  to  the  entrance  requirements  in 
this  department.  The  intending  student,  whether  he  ex- 
pects to  enter  on  certificate  from  High  School  or  not,  is 
asked  to  pay  particular  attention  to  the  subjects  of  Factor- 
ing, Fractions,  Quadratic  Equations,  Radicals  and  Indices 
in  Algebra,  and  to  make  sure  of  his  understanding  of  and 
familiarity  with  each  of  them. 

The  work  in  mathematics  is  distributed  as  shown  below: 

Algebra.  Urst  Year — Fall  term,  five  hours  a  week. 
Summer  term,  five  hours  a  week  for  six  weeks. 

The  course  includes  the  Theory  of  Limits,  Logarithms, 
Progressions,  Arrangements  and  Groups,  and  Binomial 
Theorem,  in  the  Fall  term.  Undetermined  Coefficients, 
Series,  and  the  Solution  of  Higher  Equations,  are  treated  in 
the  summer  term. 

Wentworth's  College  Algebra  is  used  in  'OS-'W  as  the 
text-book. 

Trigonometry.  First  Year — Fall  and  winter  terms, 
two  hours  a  week. 

The  ratio  system  is  used  exclusively,  and  considerable 
prominence  is  given  to  the  solution  of  trigonometric  equa- 
tions, and  the  transformation  of  trigonometric  expressions. 

Most  of  the  time  is  devoted  to  Plane  Trigonometry. 

The  Algebra  of  the  fall  term  must  precede  or  be  taken 
along  with  this  subject. 

Wheeler's  Plane  and  Spherical  Trigonometry  is  used  as 
the  text-book. 

Analytic  Geometry.  First  Year — Winter  term,  five 
hours  a  week.  Summer  term  five  hours  a  week  for  six 
weeks. 

The  usual  course  is  given,  including  the  straight  line 
and  conic  sections,  with  the  transformation  of  co-ordinates, 
general  equation  of  the  second  degree,  and  an  introduction 
to  higher  plane  curves  and  geometry  of  three  dimensions. 

The  text-book  is  Wentworth's  Analytic  Geometry. 


82  Michigan  Mining  School. 

This  subject  must  bo  preceded  by  the  Algebra  and 
Trigonometry  of  the  fall  term. 

Calculus.  Second  Year. — Fall  term,  five  hours  a  week. 
Winter  term,  three  hours  a  week. 

The  Differential  Calculus  is  developed  with  a  rate  as  its 
fundamental  notion.  Throughout  the  course  an  effort  is 
made  to  give  the  student  a  logical  basis  for  his  formulas, 
as  well  as  a  working  knowledge  of  the  subject.  Appli- 
cations to  Expansion  in  Series,  Indeterminate  Forms,  Max- 
ima and  Minima,  Tangents,  Normals,  etc.,  are  treated. 

The  Integral  Calculus  is  from  the  start  treated  as  » 
method  of  summation.  Applications  to  problems  of  area, 
volume,  etc.,  are  taken  up  as  soon  as  possible  and  their 
treatment  is  carried  along  with  that  of  methods  of  integra- 
tion. 

The  Calculus  is  given  partly  by  lectures,  with  printed 
notes,  and  partly  from  Taylor's  "Elements  of  the  Cal- 
culus". 

The  Calculus  m  ust  he  preceded  hy  the  mat hematics  of  tlve 
first  year. 


PHYSICS. 

PROFESSOR  McNAIR. 

First  Year. — Fall  and  winter  terms,  eight  hours  a  week; 
spring  term,  ten  hours  a  week. 

What  is  said  above  of  the  work  in  Mathematics,  might, 
to  a  large*  extent,  be  repeated  about  that  in  the  department 
of  Physics.  The  aim  is  to  select  such  subjects  as  have, 
directly  or  indirectly,  a  bearing  on  the  practical  work  of 
the  Mining  Engineer. 

The  instruction  is  given  by  the  laboratory  method.     The 
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student  goes  at  once  into  the  laboratory,  and  there,  under 
the  direction  of  the  instructors,  investigates  for  himself, 
experimentally,  the  laws  of  Mechanics,  Heat,  Light,  and 
Electricity.  The  experiments  are  mostly  quantitative,  and 
he  is  required  to  measure  and  give  a  definite  account  of  the 
quantity  with  which  he  is  dealing. 

As  far  as  possible,  mere  mechanical  following  of  direc- 
tions is  excluded,  and  intelligent  thinking  is  made  neces- 
sary to  the  accomplishment  of  the  work.  Every  effort  is 
made  to  have  the  student  clearly  develop  and  fix  in  his 
mind  the  principles  of  Physics  which  he  will  afterward  use, 
and  also  to  lay  the  foundation  for  that  skill  in  accurate  de- 
termination of  quantity,  and  care  of  delicate  apparatus, 
which  are  needed  by  the  practical  engineer.  Accuracy  and 
order  are  insisted  on  from  the  first.  Each  student  receives 
individual  attention,  and,  with  the  exception  of  a  few  ex- 
periments requiring  more  than  one  observer,  he  does  his 
work  independently  of  all  other  students. 

The  laboratory  work  is  accompanied  by  illustrated  lec- 
tures, and  by  such  text-book  and  recitation  work  as  is 
found  necessary. 

Below  is  given  a  partial  list  of  the  equipment  of  this  de- 
partment for  lecture  illustration  and  laboratory  work. 
Besides  the  apparatus  here  listed,  the  department  possesses 
the  usual  outfit  of  battery  cells,  magnets,  lenses,  thermom- 
eters, and  other  minor  apparatus. 

Physical  Apparatus. 

2   sets  of  Apparatus  for    experimental   demonstration 
of  the  laws  of  composition  and  resolution  of  forces. 
12   Vernier  Calipers. 
12  Micrometer  Calipers. 
12   small  Spherometers. 
1    large    Spherometer. 
1    Cathetometer. 
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1  Atwood  Machine. 

1  large  Gyroscope. 

1  set  Compound  Pendulums. 

1  Whirling  Table  and  Accessories. 

1  "Swiftest  Descent"  Apparatus. 

6  sets  Apparatus  for  determining  Modulus  of  Elasticity. 

6  Kohlbusch  Balances. 

1  Becker  Balance. 

1  Springer  Torsion  Balance. 

6  Troemner  Balances. 

5  Jolly  Balances. 

1  Hydrostatic  Balance. 

4  Mohr-Westphal  Specific  Gravity  Balances. 

24  Specific  Gravity  Bottles. 

6  Nicholson's  Hydrometers. 
4  Baume  Hydrometers. 

1  Ritchie's  Rotary  Air  Pump  and  Accessories. 
1  Lever  Air  Pump. 

1  Fortin\s  Barometer. 

2  Aneroid  Barometers. 

2  Marriotte\s  Law  Apparatus. 
2  Condensing  and  Exhausting  Pumps. 
1  Condensing  Pump  and  Cylinder. 
1  Anemometer. 

7  Sonometers. 

6  Vibrating  Forks  and  Resonators. 
1  Savart's  Toothed  Wheel  Apparatus. 
1  Lissajous  Apparatus. 
1  set  Singing  Flame  Apparatus. 
12  sets  Apparatus  for  Velocity  of  Sound. 
12  sets  Apparatus  for  Calibrating  Thermometer  and  De- 
termining Specific  Heats. 
1  Pyrometer. 
1  set  Nattcrer  Tubes. 
1  Maximum  and  Minimum  Thermometer. 
1  Standard  Centigrade  Thermometer. 
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12  Calorimeters. 

2  Gi.iss  Prisms,  8  in.  and  6  in. 
1  Achromatic  Prism. 

8  Spectra-Goniometers  (Geneva). 

12  Prisms  for  same. 

1  Rowland  Plane  Grating. 

1  Pair  Tourmaline  Tongs. 

1  Table  Polari scope. 

I  Combined  Projecting  Microscope  and  Polariscope. 

1  Newton's  Rings  Apparatus. 

1  Bunsen  Photometer. 

3  Bradley's  Marine  Sextants. 

1  Sextant  with  Artificial  Horizon  (Heath  &  Co.). 

4  small  Reading  Telescopes  with  Stands  and  Scales. 
8  large  Reading  Telescopes  and  Scales  (Geneva). 

1  Electro  Magnet. 

1  Electrophoi  us. 

1  Toepler-Hcltz  Machine. 

1  Gold  Leaf  Elect roscope. 

6  Ley  den  Jr.rs. 

4  Copj>er  Voltameters. 

6  Volume  Voltameters. 
4  sets  ( Teissier  Tubes. 

1  Clamond's  Thermo-Battery. 

2  Thermopiles. 

7  Astatic  Galvanometers. 

12  Calorimeters  with  ^"sistance  Coils,  for  Determina- 
tion of  Galvanometer  Constant. 

4  Mirror  Galvanometers,  with  interchangeable  Coils  of 
High  and  Low  Resistance. 

4  Mirror  Galvanometers  of  High  Resistance*.  s* 

8  Dead-Beat  Mirror  Galvanometers  (Hartmajr  and 
Braun). 

1  Reflecting  D' Arson val  Gal vanomeu  r. 

1  set  of  Shunts  for  same. 

1  Reflecting  D' Arson val  Differential  Galvanometer. 
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DRAWING 

PROFESSOR  KIDWELL  AND  MR.  MOORE. 

In  planning  the  course  in  Drawing  given  in  this  school, 
the  object  kept  constantly  in  view  was  to  give  special 
prominence  to  such  branches  of  the  subject  as  are  of  most 
value  to  the  engineer;  hence  perspective,  shades  and 
shadows,  etc.,  have  been  excluded,  and  more  than  the 
usual  proportion  of  time  is  devoted  to  Mechanical  Topo- 
graphical Drawing. 

Drawings  that  are  not  satisfactory  are  returned,  and  at 
the  option  of  instructor,  must  be  made  up  outside  of  the 
regular  class  hours. 

The  following  schedule  shows  the  distribution  of  work 
during  the  successive  years: 

First  Year. — Fall  term,  twelve  hours  a  week. 

Description,  preparation  and  testing  of  drawing 
instruments  and  materials:  graphical  solution  of  geo- 
metrical problems.  Descriptive  Geometry.  Projections 
on  right  and  oblique  planes;  intersections  of  lines,  surfaces 
and  solids;  plans,  elevations  and  sections.  Soenneeken's 
system  of  Round  Writing. 

AngeVn  "Practical  Plane  and  Solid  Geometry"  is  used 
as  the  text  book  in  Descriptive  Geometry,  and  the  other 
subjects  are  taught  by  lectures  in  conjunction  with  the 
practical  work  in  the  draughting  room. 

Every  attempt  is  made  to  prevent  mere  copying.  Ac- 
curacy, neatness,  and  a  thorough  understanding  of  the 
work  in  progress  are  insisted  upon  at  all  times,  and  no 
sheet  will  be  accepted  that  would  not  pass  in  the  average 
drafting  room.  The  subject  of  lettering  receives  consider- 
able attention  during  the  entire  course,  as  nothing  more 
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effectually  spoils  a  good  drawing  or  map  than  injudiciously 
selected  or  poorly  executed  lettering. 

No  student  having  condition*  in  Plane*  Solid*  or  Spher- 
ical Geometry  may  take  thin  terra*  s  work  in  Drawing. 

Winter  Term,  ten  hours  a  week. 

Topographical  Drawing:  Making  scales,  methods  of 
plotting  surveys,  by  protractor  and  rectangular  co-ordi- 
nates; topographical  signs.  This  branch  of  Drawing  is 
under  the  personal  supervision  of  the  Professor  of  Civil 
and  Mining  Engineering,  and  is  arranged  with  special 
reference  to  the  practical  work  in  Plane  and  Mine  Sur- 
veying. The  first  sheets  are  devoted  to  the  making  of 
scales,  and  to  the  different  methods  of  plotting  survey  lines, 
the  student  having  previously  made  the  necessary  compu- 
tations from  field  notes  furnished  him.  These  sheets  are 
followed  by  practice  in  making  topographical  signs  and  in 
filling  in  the  details  of  a  survey.  This  course  gives  the 
student  sufficient  skill  to  plot  his  own  surveys,  and  assists 
him  in  the  making  of  these  surveys,  by  teaching  him  what 
data  are  necessary  for  plotting. 

Second  Year.— -Fall  and  winter  terms,  four  hours  a 
week. 

Descriptive  Geometry:    Continuation  of  work  of  pre 
ceding  year,  until  subject  is  completed.     After   principles 
given  in  text-book  have  been  mastered,   special   problems 
prepared  by  instructor  are  given  for  solution. 

Lettering:  Roman,  Italic,  Gothic,  block  and  free 
hand  lettering.     Tinting. 

Isometric  and  Cabinet  Projection:  Construction 
drawing,  dimensioning,  lettering,  and  the  shading  of 
working  drawings;  conventional  methods  of  hatching 
and  tinting  sections,  tracing,  blue  printing,  and  use  of 
bond  paper;  production  of  complete  working  drawings 
of  separate  pieces  from  the  model,  or  rough  sketches 
furnished  by  the  instructor.  Lectures,  and  work  in 
Drawing  Room. 
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Free-hand  Sketching:  Making  working  sketches,  with 
all  necessary  views,  sections,  dimensions,  etc.,  of  pieces  of 
machinery  or  timber  constructions  assigned  by  the  instruct- 
or. This  work  must  be  done  by  the  student  outside  of 
the  class  hours,  in  a  book  of  sectioned  paper  to  be  devoted 
exclusively  to  this  subject,  and  turned  in  for  insj)ection  on 
the  date  set  by  the  instructor. 

Students  having  conditions  in  tlte  Fall  term  of  the  first 
year  in  Drawing  cannot  take  this  course. 

Third  Year. — Winter  term,  four  hours  a  week. 

Construction  Drawing  and  Free-hand  Sketching: 
Continuation  of  work  of  preceding  term.  Production  of 
complete  assembled  drawings  of  machines  in  laboratory 
and  work  shops. 

No  student  may  take  this  course  who  has  conditions  in 
tlie  preceding  courses  in  Drawing,  or  in  Sliop  Practice. 

Third  Year. — Winter  term,  three  hours  a  week. 

Graphical  Statics:  Analysis  of  roof  and  the  simple 
forms  of  bridge  trusses  of  various  designs  (Greene's 
"Roof  Trusses",  supplemented  with  lectures).  This 
subject  will  be  given  under  the  direction  of  the  Professor 
of  Civil  and  Mining  Engineering. 

While  the  text  book  will  serve  as  a  guide,  the  scope  of 
the  instruction  will  not  be  confined  to  it.  The  course  is 
designed  to  teach  the  theory  of  the  graphical  analysis  of 
stresses  in  structures,  and  leads  up  to  the  course  in  design- 
ing given  in  the  succeeding  year. 

No  student  may  take  this  course  who  lias  conditions  m- 
any  part  of  tlve  previous  courses  in  Drawing  or  Analytical 
Mechanics. 

Fourth  Year. — Fall   term,  nine  hours  a  week. 

Designing:     Lectures  and  work  in  Drawing  Room. 
Prominence  is  given  in  this  course  to  the  designing  of 
girders,  columns,  shafts,  floors  for  heavy  loads,  framing, 
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trestles,  etc.  Special  attention  is  also  given  to  designs  for 
long  lines  of  steam  pipe,  line  and  counter  shafting  for  vari- 
ous duties,  etc.  No  design  is  accepted  unless  accompanied 
by  complete  working  drawings  and  bill  of  materials. 

No  student  may  take  this  course  who  has  conditions  in 
any  part  of  t/ie  previous  work  in  Drawing,  Analytical 
Mechanics,  Properties  of  Materials,  Graphical  Statics, 
Mechanism,  Mechanics  of  Materials,  or  Steam  Engi- 
neering. 

The  Three  Years  Course  for  Degree  of  Mining  Engineer. 

The  schedule  of  studies  for  the  three  years  course  taken 
by  students  who  entered  previous  to  the  Fall  of  181)3,  will 
not  l>e  followed  in  the  future,  except  by  the  classes  to 
graduate  in  1894  and  1895.  A  detailed  statement  of  this 
course  can  be  found  in  the  catalogue  for  1891-92.  The 
following  condensed  schedule  shows  such  parts  of  this 
course  as  will  be  given  during  the  year  1894-1895: 

Second  Year. — Fall  term,  six  hours  a  week;  winter 
term,  four  hours  a  week.  Lectures,  and  work  in  draught- 
ing room. 

Construction  Drawing:  Dimensioning,  lettering, 
shading  and  tinting  working  drawings;  tracing  and 
blue  printing.  Isometric  and  Cabinet  Projections.  Free- 
hand sketching  from  the  model. 

Third  Year. — Fall  term,  four  hours  a  week. 

Graphical,  Statics:  Of  Roof  and  Bridge  trusses 
(  Green's  Roof  Trusses). 

Third  Year. — Winter  term,  four  hours  a  week. 

Designing  of  girders,  columns,  shafts,  floors,  framing 
miscellaneous  constructions  in  wood  and  metal.  Lectures, 
and  work  in  draughting  room. 

In  addition  to  the  regular  instruction  in  Drawing,  r 
uierous  applications  of  the  subject  are  obtained  in  con'- 15. 
tion  with  the  other  courses;    the  students  are  requin 
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make  pints  of  all  their  field  work  in  Plane  Surveying,  to 
prepare  working  plans  and  sections  of  a  mine  from  their 
own  survey,  make  a  map  and  profile  of  a  railroad  sur- 
veyed by  themselves,  and  to  draw  sections,  diagrams,  maps, 
etc.,  in  their  geological  field  work. 

Much  personal  instruction  is  given  during  the  entire 
course.  In  addition  to  the  regular  lectures  and  recitations, 
the  instructors  are  present  in  the  Drawing  Room  during 
the  hours  prescribed  for  practical  work,  to  give  advice  and 
personal  instruction  to  those  who  need  it. 

Whenever  students  desire  the  privilege  of  working  in 
the  Drawing  Room  on  Saturdays  or  other  holidays,  during 
the  fall  and  winter  terms,  arrangements  may  usually  l>e 
made  with  the  instructor,  the  day  before,  by  which  such 
privilege  can  be  granted. 

.    Special  Students  in  Drawing. 

Those  who  desire  to  enter  as  special  studeuts  to  take  the 
course  in  Drawing  only,  or  in  Drawing  in  conjunction  with 
some  other  subject,  may  do  so,  provided  the  professor  in 
charge  of  the  course  is  convinced  of  their  competency  to 
profit  by  the  instruction.  To  pursue  the  course  in  Draw- 
ing with  success,  Plane,  Solid  and  Spherical  Geometry 
of  two  dimensions  should  have  been  well  mastered.  In 
case  these  subjects  have  not  been  completed,  the  professor 
in  charge  will  prescribe  as  a  necessary  part  of  the  student's 
work,  the  courses  in  mathematics  which  should  precede 
the  work  in  Drawing. 

E<iuipment. 

This  Department  is  well  equipped  for  every  branch  of 

+he  work  it  professes  to  teach.     The  more  expensive  or 

rely  used  instruments  are  in  stock,  and  are  used  by  the 

jlente  as  occasion  may  demand.     The  drawing  tables 

gira  keen  so    planned   that  each  student  has  a  private 


Departments  of  Instruction.  93 

drawer  or  locker  for  his  instruments  and  materials  and  a 
rack  for  his  drawing  board.  A  printing  frame  capable  of 
making  a  blue  print  3x4  feot,  several  frames  of  smaller 
capacity,  a  slate  vat  for  developing  prints,  and  a  drying 
rack,  having  been  recently  added  to  the  equipment. 

.  New  Draughting  Room. 

In  the  new  building  now  in  course  of  erection  for  the 
Department  of  Mechanical  and  Mining  Engineering,  pro- 
vision has  been  made  for  a  draughting  room  25x97  feet, 
with  an  annex  28x34  feet  to  contain  instructor's  office, 
dark  room,  blue  printing  outfit,  etc.  This  room  will  be 
ready  for  use  by  September,  1894,  and  will  provide  ac- 
commodations for  a  largely  increased  attendance,  and 
enable  more  efficient  work  to  be  done  than  is  possible  in 
the  present  quarters. 

Instruments  Needed  by  Students. 

Each  student,  upon  entrance,  will  provide  himself  with 
the  following  instruments  and  materials,  a  list  of  which  is 
given  for  those  who  may  desire  to  purchase  before  coming 
to  Houghton: 

One  5-inch  Alteneder  improved  right  line  pen. 

One  5£  inch  Alteneder  dividers  (pivot  joint)  with  hair 
spring,  pen,  pencil  points,  and  extension  bar. 

One  2i-inch  Alteneder  bow  pen. 

One  2J-inch  bow  pencil. 

One  2A-inch  bow  dividers. 

One  8-inch  horn  protractor. 

One  12-inch  triangular  scale,  divided  into  twelfths. 

One  T-square,  36-inch  blade. 

One  8-inch  30  x60    rubber  triangle. 

One  8-inch  45"  rubber  triangle. 

OneeachK.  &  E.  curves,  Nos.  l820-(>;  1820-11;  1820-15. 

One  dozen  German  silver  thumb  tacks,  g  diam. 

( 

( 
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One  bottle  W.  and  N.  or  Higgins's  prepared  India  ink. 

One  Faber's  pencil  form  wood-cased  rubber. 

One  rubber   stamp. 

One  piece  Artist's  gum,  ix|x3  inches. 

Two  each  Faber's  artist's  611  and  4H  pencils. 

One  bottle  mucilage  (or  paste)  with  brush. 

One  medium  sized  sponge,  fine  quality. 

One  Arkansas  stone,  about  ixf  x3  inches. 

Two  cabinet  saucers,  about  If  inches  diameter. 

One  piece  chamois  skin,  not  less  than  12  inches  square. 

One  Soennecken  Round  Writing  Copy  Book,  and  box  of 
selected  pens. 

A  black  enameled  tin  box,  13x8x4  inches,  with  lock,  in 
which  instruments  can  be  kept,  is  strongly  recommended. 

A  drawing  hoard  and  two  sable  brushes  will  also  be 
required.  Owing  to  liability  of  getting  size*  that  will  not 
answer,  these  latter  should  be  purchased  in  Houghton. 

The  articles  called  for  in  this  list  are  necessary  for  a 
proper  prosecution  of  the  course,  and  care  should  therefore 
bo  taken  to  get  the  exact  instruments  specified,  or  others 
of  equal  grade.  Instruments  not  itp  to  standard  will  not 
be  allowed  in  tJte  Drawing  Room,  as  they  will  not  give 
satisfaction,  and  will  waste  the  time  of  both  instructors 
and  students. 


CHEMISTRY. 

GENERAL  CHEMISTRY. 

PROFESSOR  KOENIO,  MR AND  MR.  SEELEY. 

First  Year. — Fall  term,  eight  hours  a  week  for  eight 
weeks,  and  five  hours  a  week  for  six  weeks.  Winter  term, 
seven  hours  a  week.  Summer  term,  twenty  hours  a  week 
for  six  weeks. 
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This  course  in  general  chemistry  is  planned  from  the 
standpoint  that  all  engineering  resolves  itself  ultimately 
into  a  change  of  matter,  either  in  form  or  in  substance. 
More  especially  is  this  the  case  with  metallurgical  engineer- 
ing. Not  only  a  knowledge  and  habit  of  experimentation, 
but  also  a  love  and  enthusiasm  for  it,  are  to  be  acquired  by 
the  student.  It  is  thought  that  theoretical  considerations 
should  not  form  the  basis  of  such  a  course.  The  system 
adopted  may  be  called  the  historical  system.  The  student 
does  not  start  with  a  table  of  elements  and  atomic  weights, 
nor  thermo-chemical  notions,  nor  the  periodic  harmony 
of  the  elements.  He  begins  with  the  commonest  bodies, 
to  the  handling  of  which  he  has  been  accustomed  from 
childhood,  although  he  may  have  never  had  a  thought  or 
query  arising  in  his  mind,  concerning  them.  No  re-agents 
are  used  in  the  usual  meaning  of  this  terra;  heat  is  the  only 
force  used,  charcoal  and  water  the  agents.  In  the  course 
of  his  work  the  student  discovers  everything  himself,  and 
is  made  to  draw  his  conclusions  from  every  observation 
he  records.  It  has  been  found  possible  to  so  arrange  the 
series  of  experiments  that  no  term  or  symbol  need  be  used 
before  the  student  can  fully  understand  its  meaning.  At 
the  end  of  the  course,  six  lectures  give  a  recapitulation  of 
the  main  observations,  and  evolve  out  of  them  the  present 
notions  concerning  the  chemical  nature  of  matter,  and  the 
systems  of  notation.  In  regard  to  apparatus,  the  greatest 
simplicity  is  observed,  so  that  the  students  may  make  it 
themselves,  even  for  elaborate  experiments.  The  lectures 
are  intended  to  show  how  to  experiment;  and  experiments 
for  effect  are  avoided.  Everything  must  be  for  a  purpose, 
nothing  for  mere  show. 

The  guiding  thread  followed  in  the  work  is  the  professor's 
full  notes,  issued  to  the  students  in  mimeograph  copies. 
It  is  not  found  advisable  to  use  any  book  of  reference, 
because  all  those  that  are  worthy  of  recommendation  fol- 
low a  very  different  plan  to  the  one  outlined  above,  and 
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and  thus  confusion  must  result.     At  the  end  of  the  course, 
however,  the  students  will  be  in  a  condition  to  take  up  and 
read  understanding^  any  book  on  chemistry. 
Following  is  a  synopsis  of  the  course: 

Fall  Term. 

(  1).  The  metals:  iron,  copper,  lead,  tin,  and  their  be- 
haviour when  heated;  discovery  of  oxydation  and  the  com- 
position of  the  air;  oxygen-azote.  Action  of  water  on  the 
metals  at  red  heat;  discovery  of  hydrogen.  The  weights 
of  azote  and  hydrogen  compared.  The  notion  of  mass- 
units  or  atomic  weights.  Electrolytic  decomposition  of 
water.  Atomic  weight  of  oxygen,  and  chemical  symbols 
or  formulae. 

(  2).  The  behavior  of  copperas  when  heated;  discovery 
of  a  powerful  agent,  the  oil  of  vitriol,  which  the  students 
distill.  The  connection  between  this  substance  and  sulphur 
is  traced. 

(  3).  Experiments  with  common  salt  and  Varec  salt 
Discovery  of  the  spirits  of  salt,  of  chlorine,  and  of  chlorides 
generally;  also  bromides  and  iodides. 

(  4).  Potash  and  soda  ash.  Discovery  of  potassium 
and  sodium.  The  students  are  made  to  distill  these  metals 
from  the  ash  and  charcoal. 

(  5).  Nitre  and  Chili  nitre.  Discovery  of  the  oxides  of 
nitrogen,  of  nitrogen  itself,  of  its  identity  with  azote,  and 
of  ammonium  and  its  compounds. 

Winter  Term. 

(  6).  Limestone.  Discovery  of  carbon  in  the  limestofle 
gas,  by  its  action  on  sodium.  Identity  of  this  body  with 
charcoal,  mineral  coal.  Gas  analysis,  distillation  of  wood 
and  coal,  of  petroleum.  The  nature  of  fats  (animal  and 
vegetal).  Alcohol,  ether,  albuminoid  bodies.  Discovery  of 
cyanogen. 
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(  7).  Study  of  sulphur  and  combinations. 

(  8).  Bone  ash;  the  discovery  of  Phosphorus. 

(  9).  Discovery  of  Fluorine. 

(10).  Borax  and  quartz,  Boron,  Silicon. 

Summer  Term. 

As  all  the  principal  agents  and  reagents  have  now  been 
found  by  the  student,  and  prepared  by  him,  it  is  not  very 
material  in  what  sequence  the  combinations  of  the  metals 
are  treated.  The  larger  part  of  the  time  is  occupied  by  a 
course  in  Blowpipe  analysis,  which  is  so  united  with  reac- 
tions in  the  humid  way,  that  it  forms  a  limited  course  in 
Qualitative  analysis. 

The  Professor's  notes  arc  the  guide  in  this  work.  Stu- 
dents recite  two  hours  a  week  during  all  three  terms. 


QUALITATIVE    ANALYSIS. 
PROFESSOR  KOENIG,   MR '■ AND   MR.  SEELEY. 

Second  Year. — Fall  term,  eight  hours  a  week;*  winter 
term,  eight  hours  a  week,  seven  weeks. 

This  course  is  an  amplification  of  the  Blowpipe  Course, 
in  the  direction  of  humid  reactions,  more  particularly  in 
small  quantities  of  an  element,  when  admixed  with  a  large 
excess  of  other  elements  or  combinations.  A.  Elliot's  text- 
book of  qualitative  analysis  is  followed.  The  spectroscope 
is  used  in  all  cases  where  it  promises  to  be  serviceable. 
The  students  recite  on  their  work,  on  the  reaction  of  ele- 
ments generally.  They  are  drilled  in  the  writing  and  bal- 
ancing of  chemical  equations.  The  class  will  generally 
have  acquired  proficiency  enough  to  pass  an  examination  in 
the  middle  of  the  winter  term.  They  are  then  promoted 
to  the  quantitative  laboratory.      Those  not  proficient  in 
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equation  writing  and  in  recitation  work,  must  take  the 
course  over.  Those  behind  only  in  the  solving  of  un- 
knowns, can  he  permitted  to  attend  the  lectures  on  quanti- 
tative methods. 


QUANTITATIVE    ANALYSIS. 
PROFESSOR  KOENIO,    MR AND   MR.  SEELEY. 

Second  Year. — Winter  term,  eight  hours  a  week,  seven 
weeks. 

Third  Year. — Fall  term,  ten  hours  a  week;  summer 
term,  forty-five  hours  a  week  for  seven  weeks. 

Lectures  two  hours  a  week.  Recitation  one  hour  or 
two  hours.  Professor  Koenig\s  Notes.  For  reference  and 
amplification  are  recommended:  Fresenius's  ''Qualitative 
Analysis",  Am.  Edit.;  Edgar  F.  Smith's  Electro-chemical 
Analysis;  Frcsenius's  Zeitschrift;  American  Journal  of 
Analytical  Chemistry;  etc. 

For  the  purpose  of  introducing  the  student  at  once  to  all 
operations  of  analysis,  and  more  especially  that  he  may 
form  his  judgment  as  regards  rapidity  of  work  and  accu- 
racy, the  students  prepare  chemically  pure,  crystallized 
copper  sulphate,  and  determine  the  copper  by  gravimetry 
(as  Cu2  S  after  Rose);  by  electrolysis;  by  titration  with 
K  Cy;  by  colorimetry  in  the  ordinary  way,  and  spectrosco- 
pically  after  Vierordt. 

(2).  Analysis  of  an  iron  ore  containing  Fe,  Mn,  Al, 
Ti,  Si,  P,  S,  Ca,  Mg. 

(3).     Analysis  of  Pig  iron  containing  Fe,  Mn,  C,  P,  S,  Si. 

(4).     Analysis  of  steel  containing  Fe,  Mn,  C,  P,  S,  Si,  W. 

(5).  Analysis  of  an  ore,  containing  As,  Sb,  Sn,  Ag, 
Cu,  Bi,  Pb,  Fe,  Zn,  S;  also  analysis  of  quartz  and  fluorite. 

(6.     Titration  of  silver,  lead  and  zinc. 
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In  the  recitation  work  the  principal  drill  consists  in  mak- 
ing the  students  apply  to  special  cases  those  methods 
which  they  have  acquired  in  working  on  the  complicated 
mixtures,  as  time  will  not  allow  them  to  make  all  the 
separations.     Accuracy  is  aimed  at  first,  rapidity  second. 


SYNTHETIC   CHEMISTRY. 
PROFESSOR  KOENIG. 

Fourth  Year. — Winter  term,  23  hours  a  week  (elective). 

The  principal  aim  of  the  fourth  year  course  is  to  direct 
the  student  how  to  go  to  work  in  a  new  field  of  chemical 
research,  whether  theoretical,  analytical,  or  practical. 
There  is  no  end  to  this  kind  of  work,  but  if  left  to  chance 
and  untrained  exertion,  its  cultivation  is  not  apt  to  be  re- 
munerative. On  the  other  hand,  if  a  nvm  has  been  trained 
under  experienced  direction  his  efforts  have  all  chances  in 
favor  of  success.  It  is  not  possible  to  outline  a  course  of 
this  kind,  since  each  specialty  is  more  or  less  independent. 
But  some  idea  may  be  derived  from  the  following. 

First,  the  idea.  The  student  may  have  the  idea  himself, 
either  from  attentive  reading  of  the  technical  periodicals, 
from  a  lecture,  or  from  observation  in  a  mill  or  factory. 
In  the  majority  of  cases  it  will  be  a  suggestion  of  the  pro- 
fessor's. Now,  after  discussing  the  probable  or  possible 
scope  of  the  investigation,  the  student  must  master  all  the 
available  literature  in  journals,  proceedings  of  associations, 
patent  reports,  encyclopaedias,  etc.  When  this  is  collect- 
ed it  will  be  possible  to  pronounce  on  the  chances  of  suc- 
cess or  failure  in  reaching  the  desired  end.  The  student 
will  be  led  to  see  where  and  why  others  have  failed,  con- 
sequently where  the  new  experiments  will  have  to  be  start- 
ed from;  and  accordingly  he  sets  at  work  or  goes  over  to 
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another  idea.  The  results  obtained  will  form  the  subject 
of  the  thesis  of  each  student  electing  this  course. 

Instead  of  lecturing,  the  professor  will  hold  a  seminar 
of  two  hours  each  week.  For  each  week  a  student  will  be 
assigned  to  the  preparation  of  a  report  or  synopsis  of  some 
technical  subject.  .After  the  reading  of  the  report,  the 
professor  will  discuss  it,  and  may  be  interrupted  by  the 
students  for  questions,  as  in  a  general  debating  assembly. 

Such  special  students  as  prefer  to  perfect  themselves 
in  the  technical  use  of  certain  methods  of  analysis,  rather 
than  to  investigate  new  fields  and  new  methods,  have  per- 
mission to  follow  their  choice,  and  will  have  all  advantages 
which  the  professor's  experience  may  afford. 

The  laboratories  and  store-rooms  of  the  school  are  suffi- 
ciently provided  with  apparatus  to  prosecute  studies  of  the 
above  character. 


ASSAYING. 

PROFESSOR  KOEN1G,  MR.        AND  MR.  SEELEY. 

Second  Year. — Summer  term;  forty-five  hours  a  week, 
one  week. 

Third  Year. — Summer  term;  forty-five  hours  a  week, 
two  weeks. 

Instruction  is  given  in  the  fire  assay  of  gold,  silver,  lead 
and  copper  ores,  gold  and  silver  coin,  bullion,  copper 
"mineral",  and  slags. 

The  assay  laboratory  contains  ten  large  crucible  fur- 
naces and  eighteen  muffle  furnaces  of  the  Brown  pattern, 
and  sixteen  crucible  and  muffle  gasoline  furnaces  (Hos- 
kins's),  the  intention  being  to  provide  a  muffle  for  each 
student,  and  so  avoid  the  inconvenience  of  making  one  fur- 


Departments  of  Instruction.  101 

nace  do  for  two  or  more  persons.  The  laboratory  is  pro- 
vided with  a  Blake  and  a  Gates  crusher,  laboratory  size, 
to  be  run  by  power;  large  buck  plates,  large  and  small 
mortars,  sets  of  sieves,  etc.  The  weighing  room  is  sup- 
plied with  six  pulp  scales  and  five  button  balances,  of 
Troemner's  and  Becker's  make,  for  use  in  this  department. 
Of  the  three  weeks  devoted  to  assaying,  almost  all  the 
time  is  spent  in  the  laboratory;  lectures  and  recitations 
form  a  minor  portion  of  the  work.  One  hundred  and 
twenty-five  to  one  hundred  and  fifty  assays  are  made,  upon 
samples  differing  as  widely  as  possible  in  composition,  and 
consequently,  in  methods  of  treatment. 


METALLURGY. 

PROFESSOR  KOENIG. 


Third  and  Fourth  Years. — Third  year:  Fall  term,  five 
hours  a  week;  winter  term,  three  hours  a  week.  Fourth 
3;ear:  Fall  term,  five  hours  a  week. 

Instruction  in  Metallurgy  is  given,  during  the  third  and 
fourth  years,  in  lectures  and  recitations,  supplemented  when 
possible  by  the  use  of  text-books  and  visits  to  the  met- 
allurgical works.  The  object  of  the  course  is  to  give  the 
student  a  through  foundation  in  the  fundamental  principles 
of  the  different  metallurgical  processes.  In  studying  each 
of  the  metals,  special  attention  is  paid  to  the  properties  of 
the  commercial  forms,  and  to  the  effects  of  impurities  upon 
their  value  for  engineering  purposes.  During  the  third 
year,  fuel,  refractory  materials,  iron,  steel  and  aluminum 
are  discussed;  the  various  ores  of  iron;  the  properties  of 
cast  iron,  wrought  iron  and  steel;  the  methods  by  which 
objectionable  elements  in  the  ore  may  be  kept  out  of  the 
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finished  product,  or  their  effects  neutralized;  theory  and 
description  of  blast  furnace  and  puddling  process;  puddled, 
blistered,  and  crucible  steel;  acid  and  basic  Bessemer  steel; 
and  open-hearth  steel  processes. 

During  the  fourth  year  the  metallurgy  of  copper,  lead, 
silver  and  gold  is  studied  by  lectures  and  frequent  ref- 
erences to  the  library.  It  is  the  aim  of  these  courses  to 
acquaint  the  student  with  the  best  modern  American  meth- 
ods in  sufficient  detail  to  enable  him  to  make  an  intelligent 
choice  for  the  treatment  of  any  particular  ore,  and  also  to 
familiarize  him  with  the  modern  metallurgical  literature. 

In  connection  with  these  courses  frequent  visits  are  made 
to  the  smelting  works  in  the  vicinity,  and  each  student  is 
required  to  report  upon  the  observations  made  by  him. 

Student*  taking  either  of  the  courses  in  Metallurgy  must 
hare  taken  the  first  year's  course  in  Chemistry  and  tlie  se- 
cond year's  course  in  Mineralogy. 


METALLURGICAL    DESIGNING. 
PROFESSOR  KOENIG. 

This  course  is  divided  into  two  parts: 

First  Part. — The  student  is  directed  to  analyze  sec- 
tional drawings  of  furnaces,  in  regard  to  number,  shape 
and  dimensions  of  parts,  to  calculate  or  estimate  the  di- 
mensions required  for  a  given  daily  production  and  to 
make  working  drawings  for  the  parts. 

Second  Part. — Designing  of  a  complete  plant  for  the 
reduction  of  a  given  ore.  Estimation  of  the  required 
power,  arrangement  of  the  machinery,  economy  of  space, 
placing  of  the  apparatus  in  such  manner  that  the  successive 
operations  require  a  minimum  of  handling.  Estimated 
cost  of  the  plant. 
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METALLURGICAL  EXPERIMENTATION. 
PROFESSOR  KOENIG. 

This  course  is  essentially  a  part  of  the  course  in  Synthetic 
Chemistry,  except  in  so  far  as  it  deals  with  well  established 
methods  chiefly,  and  finds  its  originality  in  adapting  such 
methods  to  peculiar  ore  combinations,  or  metal  combina- 
tions. 

The  special  subjects,  among  which  the  student  may 
choose,  are: 

(1).  Gold  ores  to  be  treated  either  by  amalgamation, 
by  the  cyanide  process,  by  chlorination,  or  by  smelting,  in 
order  to  insure  complete  extraction. 

(2).     Silver  ores  similar  to  gold  ores. 

(3).  Electrolysis  of  ores  or  secondary  products,  either 
in  aqueous  or  igneous  liquefaction. 

(4).  Studying  the  influence  of  small  quantities  of 
negative  elements  upon  the  physical  properties  of  metals 
and  the  metallic  alloys. 

(5).     Microscopic  study  of  metals. 


MECHANICAL  ENGINEERING. 

PROFESSOR  KIDWELL  AND  MR.  MOORE. 

The  instruction  in  Mechanical  Engineering  has  been 
made  sufficiently  full  to  give  the  student  proper  prepara- 
tion for  actual  work,  and  to  point  out  the  studies  subse- 
quently to  be  pursued,  should  he  desire  to  continue  the 
subject  after  graduation.  Following  is  a  detailed  state- 
ment of  the  course: 
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Second  Year. — Fall  term,  two  hours  a  week. 

Properties  of  Materials  of  Engineering.— General 
qualities  of  metals;  cast  and  wrought  iron;  steel;  copper, 
brass  and  bronzes;  lime,  concrete  and  brick;  paints,  etc.; 
timber;  and  cordage.  South  Kensington  Notes  on  Build- 
ing Construction,  Vol.  III. 

The  course  includes  a  discussion  of  methods  of  manufac- 
ture of  the  more  important  materials  (except  such  in- 
formation as  comes  within  the  province  of  the  course  in 
Metallurgy),  forms  in  which  they  appear  in  the  market, 
their  adaptation  to  the  purposes  of  the  engineer,  methods 
of  preserving  materials  from  corrosion  and  decay,  etc. 
The  course  is  supplemented  with  practical  work  in  testing, 
for  details  of  which  see  section  on  Mechanics  of  Materials. 

No  student  may  take  this  course  wlio  has  conditions  in 
Physics. 

Third  Year. — Fall  term,  three  hours  a  week. 

Mechanism. — Laws  of  motion;  linkwork;  cams;  teeth 
of  wheels,  with -use  of  odontograph;  wheels  in  trains; 
aggregate  motion;  miscellaneous  problems  in  Applied 
Mechanics,  with  applications.  Power-transmitting  ma- 
chinery, pulleys,  belting,  hangers,  shafting,  clutches,  etc., 
and  determination  of  proper  sizes  for  particular  duties. 
Taught  partly  from  lectures,  partly  from  Goodeve's 
Elements  of  Mechanism  as  a  text- book. 

No  student  may  take  this  course  who  has  conditions  in 
Mathematics,  Analytical  Meclvanics^  or  Mechanical  Drain- 
ing. 

Third  Year. — Winter  term,  four  hours  a  week. 

Steam  Engineering. — Description  and  discussion  of  the 
various  details  of  engines;  mechanics  of  the  steam  engine, 
and  determination  of  proper  proportions  for  its  most  im- 
portant parts.  Taught  partly  by  lectures,  and  partly 
from  Holmes'  "The  Steam  Engine"". 
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No  student  may  take  this  course  who  has  conditions  m 
Mathematics,  Mechanism,  Properties  of  Materials,  or  Shop 
Practice. 

Fourth  Year. — Fall  term,  three  hours  a  week  for  six 
weeks;  two  hours  a  week  for  eight  weeks. 

Steam  Engineering. — An  elementary  course  in  thermo- 
dynamics, and  its  application  to  steam  and  air  engines, 
rock  drills,  etc.;  the  steam  engine  indicator;  interpretation 
and  methods  of  working  up  indicator  diagrams;  injectors, 
ejectors;  surface,  jet  and  ejector  condensers;  jacketing; 
distribution  of  steam  in  compound  cylinders.  Holmes' 
The  Steam  Engine,  supplemented  with  lectures. 

Fall  term,  two  hours  a  week  for  six  weeks,  three  hours 
a  week  for  eight  weeks. 

Valves  and  Valve  Gears. — Kinematics  of  the  plane 
slide  valve,  link  motions,  double  valve  gears,  radial  and 
drop  cut-off  gears.  Peabody's  Valve  Gears  for  Steam 
Engines. 

T/icxe  courses  are  not  open  to  any  student  having  con- 
ditions in  the  preceding  work  in  Steam  Engineering  or 
Mechanical  Drawvng. 

Winter  term,  two  hours  a  week. 

Steam  Engineering. — Boilers.  General  description  of 
the  various  kinds  of  modern  boilers.  Determination  of 
proj)er  proportions  for  heating  surface,  grate  surface, 
flues,  etc.  Boiler  appurtenances,  settings,  proportions 
for  boiler  chimneys.  Care  and  management  of  boilers, 
boiler  testing.  Heating  value  of  fuels.  Wilson's  Treatise 
on  Steam  Boilers. 

Winter  term,  two  hours  a  week. 

Steam  Engineering.— Pumps  and  pumping  machinery. 
Discussion  of  typical  forms  of  pumps,  and  their  adapta- 
tion to  various  duties.     Methods  of  testing  pumps. 

Winter  terra,  one  hour  a  week. 
8 
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Engineering  Appliances. — Steam  gauges;  lubricators; 
safety  valves;  reducing  valves;  steam  traps;  feed  heaters 
and  purifiers;  steam  separators;  damper  regulators;  the 
various  styles  of  patent  grates;  steam  pipe  and  fittings; 
boiler  and  pipe  coverings;  rubber,  leather  and  cotton 
belting,  etc.  Instruments  and  appliances  used  in  engine 
and  boiler  testing,  such  as  dynamometers,  planimetcrs, 
speed  counters,  pyrometers,  calorimeters,  etc.  Taught 
partly  by  lectures,  and  partly  from  the  various  manu- 
facturers' trade  circulars. 

None  of  these  courses  are  open  to  any  student  having  con- 
ditions in  the  preceding  ten  if  s  work  in  Steam  Engineering* 
or  Mechanical  Drawing, 

Summer  term,  forty-five  hours  a  week  for  four  weeks. 

Practical  Work  in  Testing  Laboratory. — Use  of 
steam  engine  indicator,  Prony  brake,  and  other  dynamo- 
meters, testing  of  engines  and  boilers,  gauges,  steam 
pumps,  etc. 

This  course  is  not  open  to  any  student  loacing  condition* 
in  Physics,  Mechanics  of  Materials^  or  the  preceding  term** 
work  in  Steam  Engineering. 


MECHANICS  OF   MATERIALS. 

PROFESSOR  KID  WELL. 

Third  Year. — Fall  term,  three  hours  a  week. 

Application  of  the  Principles  of  Statics  to  Riuld 
Bodies;  elasticity  and  resistance  of  materials;  cantilevers; 
simple,  restrained  and  continuous  beams;  bodies  of  uni- 
form strength;  riveting;  torsion  of  shafts;  combined 
stresses;   compu tation  of  proper  sizes  and  proportions  of 


\ 
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beams,  columns,  and  shafts.     (Merriman's  Mechanics  of 
Materials,  supplemented  with  lectures.) 

No  stvdent  may  take  this  subject  who  has  conditions  in 
Analytical  Mechanics,  Mathematics,  or  Properties  of 
Materials. 

Third  Year. — Summer  term,  forty-five  hours  a  week 
for  three  weeks. 

Testing  of  Materials  of  Engineering.  —  Such  as 
wrought  and  cast  iron,  steel,  brick,  cement,  stone  and  slate. 
Each  student  makes  a  series  of  tests  in  tension,  com- 
pression, torsion,  shearing,  and  cross  breaking,  on  labora- 
tory testing  machines. 


SHOP  PRACTICE. 

PROFESSOR   KID  WELL,  MR.  SHIELDS  AND   MR.  I'URFIELD. 

Second  Year.  Summer  term,  five  days  a  week  for  ten 
weeks. 

The  entire  summer  term  of  the  second  year  of  the  course 
is  devoted  to  shop  work.  In  the  Machine  Shop,  instruction 
is  given  in  chipping,  filing,  scraping,  general  vise  work, 
pipe  fitting,  and  use  of  machine  tools.  In  the  Pattern 
Shop,  a  course  in  bench  work,  making  joints,  turning,  etc., 
precedes  actual  practice  in  pattern  making.  To  familiar- 
ize the  student  with  the  use  of  actual  working  drawings, 
nearly  all  work  done  in  both  shops  is  to  blue  prints  made 
in  the  Drawing  Room.  In  order  that  the  students  may 
learn  actual  shop  methods,  as  usixl  at  the  present  day,  the 
instructors  who  assist  the  professor  in  charge  will  be  men 
who  have  had  a  number  of  years1  practical  experience  in 
the  kind  of  work  they  are  expected  lo  teach  here. 

The   shop  work  is  planned  with  ren:**enco  to  the  needs 
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of  the  School  as  well  as  of  the  students;  and  models  of 
valves,  link  motions, mechanical  movements,  etc.,  for  lec- 
ture purposes,  pedestals,  hangers,  and  part  of  the  smaller 
machine  tools  needed  in  the  shops,  will  be  made  by  the 
students. 

The  equipment  of  the  shops  has  been  carefully  selected. 
The  Machine  Shop  as  now  planned  contains  work  benches 
for  twelve  students,  a  24-iuch  by  16-foot  New  Haven  Tool 
Co.  engine  lathe,  a  12-inch  by  5-foot  Prentice  engine  lathe, 
two  hand  lathes,  a  34-inch  automatic  feed  Blaisdell  drill 
press,  a  20- inch  Lodge  and  Davis  drill  press,  a  16-inch 
Gould  and  El>erhardt  shaper,  a  Whitcomb  planer,  of  ca- 
pacity 8x2x2  feet,  a  Brainard  No.  4  Universal  milling  ma- 
chine, one  wet  and  two  dry  emery  grinders,  and  several 
smaller  machine  tools. 

A20"x20"x4foot  Seller's  planer,  al4"x6  foot  Lodge 
and  Davis  engine  lathe,  with  power  cross-feed,  a  13"  x5 
foot  Putnam  engine  lathe,  and  a  10"  Boynton  &  Plummer 
traverse  shaper,  have  also  been  ordered,  and  will*  be  avail- 
able for  use  during  the  summer  term  of  1894. 

The  assortment  of  chucks,  taps,  drills,  reamers  and  gen- 
eral tools  is  very  complete.  For  practice  in  pipe  fitting  a 
separate  bench  has  been  provided,  and  a  complete  set  of 
pipe  tools  and  fittings  up  to  two  inches  inclusive  is  in 
stock.  The  present  Pattern  Shop  contains  two  Clement 
wood  lathes,  a  33-inch  Fay  band  saw,  Beach  jig  saw,  emery 
wheels  and  grindstones,  Pedrick  and  Ayer  gouge  grinder,  a 
very  complete  assortment  of  hand  tools  and  appliances, 
and  work  benches  for  eighteen  students.  Each  student,  in 
each  shop,  has  a  separate  work  bench,  locker  and  set  of 
hand  tools,  for  which  he  will  he  held  responsible.  Any 
damage  to  tools,  or  other  part  of  the  equipment,  beyond 
wear  and  tear  by  legitimate  use,  will  bo  charged  to  the 
student  accountable  for  it. 

The  check  system  of  accounting  for  tools  is  used  in  both 
shops,  thus  familiarizing  the  student  with  its  operation  by 
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actual  practice.  Both  shops  are  lighted  with  electricity 
furnished  by  a  No.  4  Edison  dynamo  in  the  testing  room. 
Power  for  shops  is  supplied  by  a  9x9-inch  New  York 
Safety  vertical  high  speed  engine,  arranged  to  take  steam 
either  from  the  boilers  in  the  building,  or  from  the  boiler 
in  the  Stamp  Mill. 

To  familiarize  the  student  with  the  operation  and  care  of 
machinery;  each  one  will  be  detailed  from  time  to  time  to 
fire  the  boiler,  run  the  engine,  clean  and  oil  the  machinery, 
and  to  perform  such  other  duties  as  the  instructor  in 
charge  may  assign  him. 

No  students  having  conditions  in  Drawing,  Elementary 
Mechanics \  or  Properties  of  Material*,  may  take  this  course, 
except  those  wJvo  enter  for  shop  work  only. 

Special  Students  in  Shop  Work. 

Those  who  desire  to*  take  shop  work  only,  and  devote 
all  their  time  to  it,  may  Be  admitted  as  special  students  on 
presentation  of  evidence  that  they  can  pursue  the  course 
with  profit.  Such  special  students  must  be  of  the  age  pre- 
scribed for  entrance,  and  should  have  the  equivalent  of  a 
high  school  course.  Application  should  be  made  to  the 
Professor  in  charge  of  the  work  not  later  than  one  week 
before  the  course  opens  in  the  summer  term.  Such  special 
students  will  be  aubject  to  all  tlie  usual  rules  of  discipline 
in  this  sclhool,  and  must  be  regular  in  their  attendance  or 
they  will  be  dropped  from  the  course. 

No  student  will  be  allwred  to  enter  t/ie  course  after  t/te 
first  week  of  the  summer  term. 
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THE  THREE  YEARS   COURSE   FOR  THE  DEGREE  OF 
MINING  ENGINEER. 

The  classes  to  graduate  in  1805,  will  follow  the  regular 
three  years'  course  laid  down  for  all  students  who  entered 
previous  to  the  fall  of  1803.  The  following  is  an  outline 
of  the  work  they  will  follow  in  this  department  in  1894-95. 

Second  Year. — Winter  Term,  two  hours  a  week. 

Properties  of  Materials: — South  Kensington  Note* 
on  Building  Construction,   Vol.  III. 

Winter  Term  three  hours  a  week. 

Mechanism: — Goodeve's  Elements  of  Mechanism. 

Third  Year. — Fall  Term,  five  hours  a  week;  Winter 
Term  four  hours  a  week. 

Steam  Engines  and  Boilers: — Holmes'  The  Stmm  En- 
gine, supplemented  with  lectures. 

Winter  Term,  one  hour  a  week. 

Engineering  Appliances: — Taught  by  lectures. 

Fall  Term,  three  hours  a  week. 

Mechanics  of  Materials: — Merriman's  Mechanics  of 
Materials,  supplemented  with  lectures. 

Equipment. 

The  Mining  School  is  well  provided  with  instruments 
and  machinery  necessary  for  practical  demonstration  of 
the  subjects  taught  in  the  class  room.  There  are  now  in 
stock,  one  Tabor  indicator,  one  Crosby  indicator,  one 
Hine  and  Robertson  indicator,  eight  polar  planimeters, 
three  varieties  of  steam  calorimeters,  ten  of  Greene's 
standard    thermometers    for    calorimetric    work,    Heath 
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stop  watch,  Tabor  speed  counter,  Schaeffer  and  Buden- 
burg  tachometer,  lazy  tongs,  Hine  and  Robertson  reduc- 
ing motion,  two  draught  gauges,  Ashcroft  boiler  test 
pump  and  gauge,  gauges  for  use  with  water  or  steam,  one 
Shaw's  standard  mercurial  column  gauge  tester,  Ashcroft 
pyrometer,  Bristol  recording  gauge,  a  number  of  working 
injectors  with  cut  models  of  same,  etc.  For  indicator 
practice,  there  are  now  available  the  9x9  New  York  Safety 
engine  in  the  shops,  an  8x12  Buckeye  engine  in  Stamp 
Mill, and  a  5x5  high  speed  engine  to  be  used  for  driving 
the  testing  machines. 

The  School  is  provided  with  a  100,000  lb.  machine  fitted 
for  tests  in  tension,  compression,  cross-breaking  and  shear- 
ing, a  Thurston  autographic  torsion  machine,  an  01  sen 
2,000  11).  cement  tester,  appliances  for  testing  the  shear- 
ing strength  of  wood,  and  an  Ashcroft  oil  testing  machine. 
There  are  also  on  hand  a  Henning  electric-contact  micro- 
meter for  measurement  of  extension,  an  Olsen  electric  con- 
tact compression  micrometer;  a  deflectometer,  a  Brown 
and  Sharp  Vernier  caliper,  and  several  screw  micrometers. 

Those  having  materials  to  be  tested  should  make  appli- 
cation to  the  professor  in  charge  of  the  department,  and 
make  definite  arrangements  with  him  for  the  precise  work 
they  desire  to  have  done. 


New  Building  and  Equipment. 

Owing  to  the  increasing  attendance,  and  the  extension 
of  the  work  of  this  department,  due  to  the  adoption  of  the 
Four  Years  Course,  it  has  become  necessary  to  make  a 
material  increase  in  the  equipment,  and  provide  larger  and 
better  planned  laboratories  than  those  now  in  use  in  the 
main  building.  To  meet  this  need  there  is  now  nearly 
completed  a  new  building,  in  which  provision  has  been 
made  for  ample  laboratory  space.     The  additional  instru- 
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ments  and  machinery  necessary  for  proper  equipment  of 
the  new  laboratory  will  be  added  at  once. 

The  machine  and  Pattern  Shops,  temporarily  located  in 
the  main  building,  will,  after  August  17th,  1894,  be  re- 
moved to  the  new  building,  which  is  especially  designed 
for  shop  and  laboratory  purposes.  This  building  will  con- 
tain the  following-named  rooms; 


BASEMENT. 

Machine  Shop 97x24  feet. 

Engine  Room 34x17  feet 

Electrical  Laboratory 34x27  feet 

Lavatory 28x10  feet 

FIRST  FLOOR. 

Pattern  Shop 97x25  feet 

Lecture  Room 28x26  feet 

Professor's  Office 18x  9  feet 

Tool  Room llx  8  feet 

Lavatory 12x12  feet. 

Paint  Shop 16x13  feet 

Model  Room 18x  9  feet. 

Storage  Battery  Room 15x11  feet 

SECOND   FLOOR. 

Drawing  Room 97x25  feet 

Blue  Print  Room 12x  8  feet 

Lecture  Room 35x28  feet 

Assistant's  Office 12x11  feet 

Office  of  Mining  Department 16x15  feet 

Map  Room 15x12  feet 

Lavatory 11x11  feet 
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An  annex  contains  a  Fuel  Room  16x34  feet,  and  a  Boil- 
er Room  29x34  feet.  In  the  latter  will  be  located  three 
boilers,  two  of  which  are  to  be  used  for  heating  purposes. 
To  enable  the  student  to  become  practically  familiar  with 
water  tube  boilers,  a  58  HP  Stirling  water  tube  boiler  will 
be  used  to  supply  steam  to  shop  and  laboratory  engines. 

As  soon  as  the  building  is  ready  for  occupation,  a  ma- 
terial increase  in  both  shop  and  laboratory  equipment  will 
be  made.  The  number  of  machines,  hand  tools  and  appli- 
ances, work  benches,  testing  apparatus,  etc.,  will  be  in- 
creased sufficiently  to  provide  accommodations  for  from 
seventy  to  eighty  students  at  work  at  one  time.  Both  en- 
gines now  in  use  will  be  retained,  and  to  them  will  be  add- 
ed a  new  8"x24"  Corliss  engine  fitted  with  surface  con- 
denser, and  all  attachments  needed  for  complete  engine 
tests. 

Owing  to  the  danger  and  inconvenience  of  gas  in  the 
shops,  it  has  been  decided  to  light  the  whole  building  with 
electricity. 


ELECTRICAL  ENGINEERING. 

PROFESSOR  KID  WELL. 

The  use  of  electricity  in  mining,  both  as  an  illuminant, 
and  as  a  motive  power  for  hauling,  pumping,  and  operat- 
ing portable  machinery,  requires  of  the  mining  engineer  a 
working  knowledge  of  Electrical  Engineering;  hence  an 
elementary  course  in  that  subject  is  prescribed  for  all  reg- 
ular students  in  this  institution. 

The  instruction  is  made  as  comprehensive  as  the  time 
available  will  permit,  and  special  care  is  taken  to  familiarize 
the  student  with  the  fundamental  principles  of  the  science. 
Sufficient  ground  is  covered  to  enable  him  to  understand 
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the  electrical  machinery,  appliances,  and  processes  in  gen- 
eral use,  and  give  him  a  good  foundation  for  more  ad- 
vanced work,  should  he  desire  to  devote  himself  more 
particularly  to  Electrical  Engineering  after  graduation. 

The  preparatory  instruction  in  Electricity  given  in 
Physics  is  supplemented  with  the  following  course: 

Third  Year. — Winter  term,  three  hours  a  week. 

Fourth  Year. — Fall  term,  three  hours  a  week;  winter 
term  two  hours  a  week  (elective). 

Electrical  Instruments  and  Measurements:  Pri- 
mary batteries,  the  various  forms  of  ammeters,  voltmeters, 
bridges,  resistance  sets,  etc.,  and  the  method  of  using 
them  in  making  measurements  of  current,  electro  motive 
force,  insulation  resistance,  and  in  determining  faults,  etc. 
Power  and  measurement. 

Electrical  Engineering:  Theory  of  dynamo,  both 
direct  and  alternating  current,  with  description  and  dis- 
cussion of  the  typical  forms  in  general  use;  motors  and 
their  applications;  transformers:  stage  batteries;  wiring; 
fittings;  etc.  (Slin^o  and  Bankers"  Electrwal  Engineer- 
ing, and  Badt's  Incandescent  Wiring  Handbook. 

Summer  term,  forty -five  hours  a  week  for  two  weeks. 

Practical  Work  in  Electrical  Laboratory:  Meas- 
urements of  current,  electro  motive  force,  resistance,  cali- 
bration of  instruments,  etc.,  determination  of  efficiency  of 
dynamos  and  motors.  Practice  in  running  dynamos  for 
arc  and  incandescent  lighting. 

This  course  is  not  open  to  any  student  having  conditions 
in  Matlteinatics,  Physie*,  Analytical  Mechanics,  Mechani- 
cal Drawing,  or  Steam  Engineering. 

Equipment. 

In  the  new  Engineering  building  now  erected  an  Electri- 
cal Laboratory  has  been  provided  for,  and  it  will  be  thor- 
oughly equipped  with  the  machinery  and  apparatus  neces- 
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sary  to  give  the  student  a  practical  acquaintance  with 
electrical  light  and  power  work.  The  equipment  will  in- 
clude incandescent  dynamos,  both  direct  and  alternating 
current,  and  an  arc  light  machine,  with  complete  switch 
boards,  current  and  pressure  indicators,  regulators,  trans- 
formers, e.tc.  While  the  laboratory  is  running  the  current 
neccessary  for  lighting  the  building  will  be  supplied  from 
the  dynamo  room. 

The  dynamos  will  be  driven  by  a  separate  high  speed 
automatic  engine. 

The  instruments  necessary  for  electrical  testing  will  also 
be  provided,  as  well  as  a  battery  of  not  less  than  twenty- 
five  storage  cells,  to  furnish  current  for  measurements, 
lecture  demonstrations,  and  electric  projecting  lantern. 

Until  this  laboratory  can  bo  fitted  up,  the  instruction 
will  l>e  given  mainly  by  lectures;  but  in  connection  with 
the  shop  course  some  practical  work  in  dynamo  running 
will  be  given.  A  12  K  Edison  dynamo  has  been  fitted  up 
complete,  with  switch  board,  regulator,  etc.,  and  is  wired 
to  light  the  shops  and  mechanical  laboratory.  There  are 
also  a  2  HP  Sprague  motor,  arranged  to  drive  some  of  the 
testing  machinery,  several  Ayrton  and  Perry  ammeters  and 
voltmeters,  Edison  ammeter,  storage  cells,  and  other  in- 
struments for  electrical  work. 


PLANE  SURVEYING. 

PROFESSOR . 

First  Year. — Fall  term,  three  hours  for  six  weeks; 
Winter  term,  three  hours  a  week. 

The  course  in  surveying  is  designed  to  be  practical  and 
complete  as  far  as  regards  the  ordinary  wants  of  a  mining 
or  civil  engineer.     The  course  begins  in  the  winter  term 
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of  the  first  year.  This  part  of  the  course  is  devoted  ex- 
clusively to  the  study  of  the  computations  necessary  in 
plane  surveying,  and  to  the  making  of  maps  and  scales. 

Johnson's  Theory  and  Practice  of  Surveying  is  used  as 
a  text-book.  The  Topographical  Drawing,  which  is  in 
charge  of  the  same  instructor,  is  arranged  with  special 
reference  to  this  course,  and  the  two  subjects  are  made 
to  harmonize,  and  to  prepare  the  student  to  perform  the 
practical  work  of  the  summer  course  in-  surveying  with 
facility. 

Understanding  the  computations  and  the  methods  of 
plotting,  the  student  is  able  to  appreciate  the  different 
methods  of  collecting  data,  and  can  devote  his  whole  atten- 
tion to  them  and  to  the  practical  work.  To  take  this 
course  the  regular  student  must  ham  passed'  in  all  the  pre- 
ceding  Mathematics. 


FIELD  WOKK  IN  SURVEYING. 

MR.   ABBOTT  AND  MR.   DAVIS. 

First  Year. — Summer  term,  forty-five  hours  a  week 
for  eleven  weeks. 

During  eleven  weeks  of  each  summer  a  special  course  of 
surveying  will  be  conducted.  Attendance  upon  this  course 
is  obligatory  for  all  regular  students  who  intend  to  com- 
plete the  first  year.  The  object  of  this  summer  course  is 
two  fold: 

First,  to  give  the  regular  students  more  thorough  and 
extended  practice  in  the  field  than  it  is  possible  to  do  when 
they  are  attending  to  other  school  work.  Second,  to  pro- 
vide a  thorough,  practical  course  in  surveying  for  persons, 
other  than  regular  students,  who  may  be  desirous  of  be- 
coming surveyors,  or  who  may  wish  to  obtain  practical 
experience  in  the  subject.     There  is  perhaps  no  course  of 
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study  which  can  be  offered  by  an  institution,  that  will  give 
such  quick  and  profitable  returns  for  the  money  and  time 
expended  by  the  pupil,  as  a  thorough,  practical  course  in 
surveying,  since  employment  at  a  fair  salary  can  almost 
always  be  obtained  by  a  competent  surveyor. 

In  this  summer  course  study  and  practical  work  are 
combined. 

Johnson's  Theory  and  Practice  of  Surveying  (last  edition) 
is  used  as  a  text-book,  being  supplemented  when  necessary 
with  lectures.  Generally  the  first  hour  of  the  day  is 
devoted  to  class-room  work  and  the  remainder  of  it  to  field 
work. 

The  subjects  studied  comprise  the  use  and  adjustment 
of  surveying  instruments,  and  methods  of  surveying. 

For  field  work  the  students  are  generally  divided  into 
squads  of  two  men  each.  Each  squad  is  required  to  make 
a  certain  number  of  surveys,  and  each  member  of  the 
squad  has  to  make,  from  the  work  done,  a  full  set  of  notes, 
computations  and  maps. 

The  field  work  consists  of: 

1.  Exercises  in  pacing,  with  a  detailed  survey  of  a  field 
by  pacing. 

2.  Practice  in  chaining  distances,  and  in  laying  off  right 
angles  and  parallel  lines  with  the  chain. 

3.  Practice  in  ranging  lines  with  sight  poles  under  dif- 
ferent conditions. 

4.  Exercises  in  reading  compass  bearings. 

5.  Detailed  survey  of  a  farm,  made  by  means  of  solar 
compass  and  chain. 

6.  Adjustment  of  the  hand  level,,  and   practice  in   its 
use. 

7.  Topographical  survey  on  the  rectangular  plan,  with 
compass,  chain  and  hand  level. 

8.  Adjustment  of  the  transit,  and  exercises  in  reading 
the  angles  of  a  triangle  by  the  repetition  method. 

9.  Determination  of  the  true  meridian  by  observations 
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on  Polaris  and  on  the  sun,  and  by  means  of  solar  attach- 
ments to  the  transit. 

10.  Running  a  close  traverse,  the  angles  being  determin- 
ed by  repetition,  the  distances  measured  with  a  steel  tape, 
and  afterwards  corrected  for  inclination,  catenary,  and 
temperature. 

11.  Running  an  azimuth  traverse  around  a  polygon,  the 
distances  being  measured  By  stadia. 

12.  City  surveying,  laying  out  lots  and  streets,  and 
determining  the  position  of  house  and  fence  lines. 

13.  Adjustment  of  the  Wye  level,  and  running  a  line  of 
levels  about  one  mile  in  length. 

14.  Survey  of  a  mining  claim,  with  transit,  according  to 
government  regulations. 

15.  Retracing  and  subdividing  of  a  section  of  land  in 
accordance  with  the  United  States  Government  field  notes. 

16.  Topographical  survey  with  the  plane  table,  based 
upon  a  system  of  triangulation  with  the  transit. 

17.  Topographical  survey  with  transit  and  stadia. 

15.  Railroad  survey.  About  one  mile  of  road  is  located, 
slope  stakes  set,  profiles,  maps  and  cross  sections  made, 
and  the  cuttings  and  embankments  calculated. 


The  equipment  for  instruction  comprises  the  following 
set  of  instruments:  One  plane  table  from  Buff  and  Berger; 
nine  transits,  three  from  Buff  and  Berger,  three  from  Heller 
and  Brightly,  two  from  Fauth,  one  from  Gurley;  five  Burt 
solar  compasses;  five  magnetic  compasses;  six  Wye  levels, 
one  from  Buff  and  Berger,  three  from  Heller  and  Brightly, 
and  two  from  Gurley;  fifteen  Locke  hand  levels.  In  addi- 
tion to  these  more  expensive  instruments,  the  School  owns 
the  necessary  number  of  mining  lamps,  chains,  steel  tapes, 
poles,  rods,  etc. 

Two  of  the  transits  are  provided  with  three  tripod  out- 
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fits  for  mine  surveying,  and  all  the  transits  are  adapted  to 
mine  as  well  as  surface  work. 

Persons  who  wish  to  join  the  Summer  course  only,  are 
required  to  prepare  themselves  upon  the  tirst  two  books 
of  Davies's  Surveying  revised  by  Van  Amringe,  in  the 
subjects  of  Plane  Trigonometry,  Logarithms  and  Mensu- 
ration. 

Those  attending  the  Summer  Course  should  provide 
themselves  with  Johnson's  Theory  and  Practice  of  Sur- 
veying (last  edition),  a  pair  of  six-inch  dividers  with  pen 
and  pencil  attachments,  a  right  line  pen,  a  decimal  scale, 
a  large  triangle,  a  T  square,  medium  and  hard  pencils, 
and  a  twenty-five  foot  steel  pocket  tape  graduated  to  feet 
and  tenths.  These  articles  are  indispensable,  but  addi- 
tional drawing  instruments  will  be  found  convenient. 

The  furnishing  of  the  surveying  apparatus  by  the  Min- 
ing School  is  a  considerable  expense  to  the  institution,  and 
while  losses  due  to  ordinary  and  legitimate  wear  and  tear 
of  the  instruments  are  borne  by  the  school,  any  injuries 
due  to  carelessness  on  the  part  of  the  student  must  be 
made  good  by  him. 

The  summer  course  in  surveying  will  commence  each 
year  about  the  first  of  June,  and  all  persons  who  desire  to 
attend  are  requested  to  send  in  their  names  early  to  the 
professor  in  charge  of  the  course,  or  to  the  Director  of  the 
Mining  School,  in  order  that  proper  provision  may  be 
made  for  them.  This  course,  like  all  others  in  the  School, 
is  free  to  any  one  who  is  properly  qualified,  whether  a  resi- 
dent of  the  State  of  Michigan  or  not.  The  course  is  given 
in  Houghton. 

Regular  students,  in  order  to  take  this  course^  wrnst  hare 
passed  in  all  the  preceding  Mathematics  and  Plane  Sur- 
veying. 
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MINE  SURVEYING. 

PROFESSOR . 

Second  Year. — Fall  term,  one  hour  a  week  for  six 
weeks;  Winter  term,  one  hour  a  week;  Summer  term, 
forty-five  hours  a  week  for  two  weeks. 

Instruction  in  Mine  Surveying  is  given  to  the  second 
year  students  by  means  of  text-books,  lectures  and  recita- 
tions. Many  practical  problems  are  assigned  the  students, 
to  be  solved  by  them. 

The  field  survey  conducted  in  the  first  year  largely  pre- 
pares the  student  for  the  mine  surveying.  The  first  two 
weeks  of  the  spring  term,  preceding  the  four  weeks  given 
to  practical  mining,  are  spent  in  making  a  complete  sur- 
vey of  some  mine  or  portion  of  a  mine.  In  the  survey, 
lines  are  transferred  underground,  shaft  lines  are  estab- 
lished, and  courses  are  run  in  cross-cuts.  Drifts,  stope6, 
rooms  and  stations  located,  and  cross  and  longitudinal  sec- 
tions made.  Plans  and  elevations  are  made  of  the  mine 
surveyed. 

Regular  students  taking  this  field  work  must  have  passed 
in  the  preceding  work  in  Mine  Surveying  and  in  the  Plane 
Surveying. 


MINING. 

PROFESSOR  


Second  Year. — Fall  term,  three  hours  a  week  for  six 
weeks;  Winter  term,  three  hours  a  week;  Summer  term, 
forty-five  hours  a  week  for  four  weeks. 

Third  Year. — Fall  term,  four  hours  a  week  for  six 
weeks;  Winter  term,  four  hours  a  week. 
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Fourth  Year. — Winter  term,  nine  hours  a  week 
(elective). 

This  course  is  given  in  lectures  and  text-book  work,  sup- 
plemented with  drawings,  photographs  and  the  actual 
examination  of  mines,  and  extends  through  the  second, 
third  and  fourth  years* 

In  general,  instruction  is  given  in  excavation,  prospect- 
ing, mine  development,  underground  operations,  mine  ven- 
tilation, mine  lighting,  mine  surveying,  designing  shaft 
and  rock  houses,  location  of  the  various  parts  of  a  mine 
plant  relative  to  one  another  and  to  the  underground  work- 
ings, mine  accounts  and  mine  management. 

The  entire  working  day  for  six  weeks  of  the  spring  term 
of  the  second  year  is  given  to  mine  surveying  and  the 
study  of  mines  and  mining  operations. 

Instruction  in  Mining  Engineering  is  given  in  the 
fourth  year. 

More  in  detail  the  course  is  as  follows: 

(1)  Excavations  of  Earth  and  Rock.  Method  of  re- 
moving material;  machines  and  tools  used  in  loosening 
and  handling  material;  explosives  used  in  loosening  rocks; 
and  drainage  of  pit  excavated. 

(2)  Tunnelling.  Excavating  tunnels;  timbering  tun- 
nels; removing  of  excavated  material;  ventilation  and  loca- 
tion of  tunnel;  examination  and  survey  of  mineral  prop- 
erty and  making  reports  on  work  done. 

(3)  Quarrying.  Formations  quarried  to  advantage; 
methods  used  depend  on  geological  formation;  open 
quarrying;  underground  quarrying;  explosives,  charges; 
block  splitting  and  dressing. 

(4)  Prospecting.  Various  methods.  Importance  of 
doin£  work  well. 

(5)  Mine  Development.  Location  and  sinking  of 
shafts,  test  pits  and  winzes,  and  driving  of  cross-cuts, 
drafts  and  adits. 

(6)  Drilling.     Various  operations  in   which  drills  are 
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used;  machine  drills  for  deep  holes;  machine  drills  for 
shallow  holes;  drilling  in  shafts,  winzes,  stopes  and  drifts, 
and  placing  holes  under  various  conditions. 

(7)  Blasting.  Theory  of  blasting;  conditions  that  will 
admit  of  blasting;  explosives  used  in  blasting;  charging: 
detonators;  methods  of  firing  blasts;  ventilation;  removal 
of'stuff. 

(8)  Haulage.  Various  conditions  met  with  in  haulage: 
loading  tram  cars;  use  of  sledges,  wheel  barrows  and  carte, 
in  getting  material  moved  to  tram-cars;  tram  cars,  their 
form,  size,  shape,  and  material  of  construction:  motive 
power  for  tram-cars,  and  the  various  ways  in  which  it  is 
applied;  inclined  planes,  gradients,  and  level  roads;  junc- 
tions, stations,  and  curves. 

(9)  Hoisting.  Power  to  be  used;  transmission  of  power 
by  wire  rope,  compressed  air,  steam,  water  and  electricity: 
conical  and  cylindrical  drums  and  reels;  ropes,  girders, 
cages,  kibbles,  safety  devices,  and  signalling. 

(10)  Explosives.  Nitro-glycerine;  various  explosives 
prepared  with  nitro-glycerine;  other  high  explosives;  ful- 
minates;  directions  for  using  and  methods  of  tiring. 

(11)  Drainage.  Sources  of  water  found  in  mines: 
keeping  of  water  out  of  mines;  natural  drainage;  drainage 
by  means  of  mechanical  devices  and  pumping  machinery. 

(12)  Ventilation.  Causes  of  bad  air  in  mines;  natural 
ventilation;  winter  and  summer  currents:  artificial  venti- 
lation; furnaces,  blowing  machines  and  fans;  conditions 
to  be  observed  in  distribution  of  air  currents  and  testing 
of  foul  air. 

(13)  Lighting.  Candles,  air  lamps,  coal  gas,  and  elec- 
tric lighting;  distribution  of  lights;  various  safety  devices 
used  in  lighting  and  expense  of  lighting. 

(14)  Timbering.  Timbering  in  shafts,  cross  cuts,  winzes, 
drafts  and  stopes;  handling  timl>er;  kinds  of  tim>>er  used 
in  mines;  preservation  of  timber;   cost  of  timber;    saving 

>er  resulting  from  the  use  of  caving  and   filling 
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(15)  Hydraulic  Mining.  Physical  conditions;  methods 
of  placer  mining;  some  of  the  properties  of  water;  con- 
struction of  dams;  waterways  and  sluices. 

(16)  Coal  Mining.  Exploring  for  coal;  tools  used  in 
coal  mining;  methods  of  working  coal;  ventilation  of  coal 
mines;  timbering;  haulage  and  the  more  important  opera- 
tions connected  with  coal  mining. 

(17)  Deep  Wells  and  Deep  Borings.  Where  em- 
ployed; various  methods  of  making  borings  and  making 
wells. 

(18)  Air  Compressors  and  Rock  Drills.  Mechanism 
of  rock  drills  and  compressors;  testing  efficiency  of  ma- 
chines and  comparison  of  various  makes  of  machines. 

(19)  Accidents.  Accidents  from  explosives  and  from 
falls  of  roof  and  sides;  accidents  from  other  causes;  means 
of  guarding  against  accidents;  legislation  regarding  the 
preventing  of  accidents. 

(20)  Surface  Plants.  Consideration  of  various  condi- 
tions to  be  met;  surface  equipment;  location  of  power 
houses,  boiler  houses,  rock  houses,  drys,  shops,  tramways 
and  railroads. 

(21)  Mine  Accounts.  Books  to  be  found  in  most  mine 
offices;  entering  and  balancing  accounts;  cost  sheets;  re- 
ports made  to  mine  officials  and  stockholders.  Each  stud- 
ent taking  this  subject  is  given  a  set  of  books  in  which  to 
enter  and  balance  accounts.  Costs  and  estimates  of  mine 
supplies  arc  an  important  consideration  in  connection  with 
mine  accounts,  as  here  given. 

(22)  Mine  Management.  Mine  officials  and  their  du- 
ties; some  of  the  questions  to  be  answered  by  the  officials; 
place  of  business  of  mine  officials;  salaries  and  wages;  work 
done  by  contract,  and  on  company  account;  tribute  work- 
ing and  its  results. 
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trestles,  shaft  and  rock  bouses,  and  timber  construction 
for  underground  service.  Complete  working.,  drawings 
are  made  of  the  constructions  designed. 


BOTANY. 

TIIE  DIRECTOR. 


Second  Year. — Fall  term,  two  hours  a  week  for  eight 
weeks. 

Instruction  in  this  subject  is  given  by  lectures,  with  reci- 
tations upon  the  same.  It  is  intended  in  these  lectures  to 
give  a  brief  review  of  botanical  classification,  the  special 
characters  of  important  plants  economically,  and  their 
various  uses.  The  object  is  to  prepare  the  student  for 
his  subsequent  work  in  Engineering,  Paleontology  and 
Geology. 


ZOOLOGY. 

MR.  SEAMAN. 


Second  Year. — Fall  term,  two  hours  a  week  for  eight 
weeks. 

This  course  is  given  by  lectures  and  recitations,  and  its 
object  is  to  give  a  general  knowledge  of  the  fundamental 
principles  of  Zoology.  The  work  is  given  as  a  preface  to 
the  work  in  Paleontology,  and  particular  attention  will 
be  given  to  those  orders  of  animals  which  furnish  the 
more  common  and  characteristic  fossils.  Their  structure 
and  habitat  will  be  briefly  described,  and  the  phylogenetic 
significance  of  ontogenetic  facts  will  be  pointed  out.  At- 
tention will  l)e  called  to  the  modes  of  life,  habits,  and 
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peculiarities  of  animals,  including  their  relation  to  man 
and  his  works. 

Students  will  be  given  references  to  such  books  upon 
the  subject,  as  their  personal  tastes  may  require. 


PALEONTOLOGY. 

MR.   SEAMAN. 


Third  Year. — Fall  term,  four  hours  a  week  for  eight 
weeks. 

This  course  is  given  as  an  elementary  one.  The  work, 
however,  will  be  made  as  practical  as  possible,  much  of 
the  time  being  spent  in  laboratory  practice.  The  method 
of  working  will  not  differ  materially  from  that  pursued  in 
Mineralogy.  While  much  detail  is  left  out,  care  will  be 
taken  to  point  out  the  principal  characteristics  by  which 
fossils  may  be  recognized  and  determined.  A  personal 
handling  of  the  forms  of  living  species  will  be  insisted  up- 
on, so  that  the  knowledge  will  be  real  as  far  as  it  goes. 
Special  attention  will  be  given  to  certain  groups  that  yield 
common  and  characteristic  fossils,  and  these  will  be  treat- 
ed more  in  detail.  The  manner  of  entombment,  and  the 
conditions  under  which  organisms  are  preserved  will  be 
discussed.  The  relative  importance  of  land  and  marine 
fauna,  and  flora,  in  determining  the  chronological  sequence 
of  the  rocks  of  the  earth's  crust,  will  be  considered.  There 
is  a  working  collection  of  nearly  two  thousand  specimens, 
especially  selected  to  cover  the  entire  geological  column. 
These  will  be  used  to  drill  the  students  in  recognizing  fos- 
sils in  different  states  of  preservation,  in  assigning  them  to 
their  general  orders,  and  in  certain  cases  giving  their  gen- 
eric names.  The  specimens  are  arranged  unlabeled  in 
drawers,  for  the  students  to  work  upon;  and  pains  will  i>e 
taken  to  train  the  eyo  to  recognize  resemblances  and  differ- 
ences.    There  is  also  a  small  type  collection  of  living  and 
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fossil  forms,  arranged  zoologically  in  accordance  with  the 
system  of  Nicholson's  New  uManual  of  Palaeontology;" 
and  a  larger  one  of  fossils,  containing  over  a  thousand 
specimens,  arranged  mainly  according  to  geological  hori- 
zons. Students  have  free  access  to  all  collections.  The 
text-books  used  are  Wood's  "Elementary  Palaeontology," 
supplemented  by  lecture  notes,  and  Archibald  Goikie's 
'Text  Book  of  Geology",  book  V. 

Regular  students  taking  this  course  m/ust  lime  pasxed  in 
the  preceding  courses  in  Botany  and'  Zoology. 


CRYSTALLOGRAPHY, 

THE  DIRECTOR,  MR.  SEAMAN  AND  MR.  WRIGHT. 

Second  Year. — Fall  term,  twelve  hours  a  week,  five 
weeks. 

Instruction  in  this  subject  is  given  by  means  of  lectures 
and  laboratory  practice  in  determining  the  forms  and 
planes  of  glass  and  wooden  crystal  models,  and  natural 
crystals,  with  recitations  and  examinations  upon  the  same. 
The  instruction  is  given  in  connection  with  the  course  in 
Mineralogy,  and  therefore  is  confined  to  training  the  stud- 
ent in  that  practical  knowledge  of  crystal  forms  which  he 
needs  in  his  Determinative  Mineralogy  and  Petrography. 
For  purposes  of  instruction  in  this  subject  the  laboratory 
is  supplied  with  the  following  collections: 

Crystal  Models  in  Glass 151 

Crystal  Models  in  Wood  and  Plaster 2,153 

Natural  Crystals 1,800 

4,104 

Regular  students  taking  thix  work  must  have  passed  in 
all  the  preceding  work  in  Physics  and  in  Analytic  Geom- 
etry of  Three  Dimensions. 
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MINERALOGY. 

THE  DIRECTOR,  MR.  SEAMAN  AND  MR.  WRIGIIT. 

Second  Year. — Fall  term,  twelve  hours  a  week  for  nine 
weeks;   winter  term,  twelve  hours  a  week. 

The  work  in  Determinative  Mineralogy  is  preceded  by 
the  course  in  Crystallography  and  by  instruction  in  gen- 
eral Physical  (including  Optical)  Mineralogy,  although 
part  of  the  instruction  in  these  subjects  is  given  as  needed 
in  connection  with  the  Descriptive  Mineralogy. 

It  is  intended  to  give  in  the  Optical  Mineralogy  all  in- 
struction necessary  to  precede  the  subsequent  work  in 
Petrography. 

For  Determinative  Mineralogy  there  is  provided  a  typi- 
cal set  of  all  the  important  minerals,  special  attention  be- 
ing paid  to  those  of  economic  value,  as  well  as  to  those 
occurring  as  gangue,  or  rock-forming  minerals.  Special 
collections  are  arranged  showing  the  physical  characters 
of  minerals,  their  pseudomorphs,  etc. 

These  minerals  are  arranged  in  drawers,  labeled,  and  are 
at  all  times  freely  accessible  to  the  student. 

Besides  the  typical  collection  of  minerals,  there  arc 
placed  in  drawers  a  large  number  of  specimens  of  the 
same  mineral  species.  These  are  arranged  in  convenient 
groups,  but  are  unlabeled.  These  specimens  are  selected 
so  as  to  represent  as  great  a  variety  of  form,  appearance 
and  locality  as  possible,  in  order  that  the  student  may  be 
familiar  with  all  the  types  that  he  will  be  likely  to  meet 
with  in  his  professional  practice.  Drawers  of  these  un- 
labeled minerals  are  assigned,  to  each  student,  who  is 
required  to  determine  them  and  to  recite  upon  them. 
He  is  required  to  do  that  which  the  practical  mineralogist 
does;  to  determine  his  minerals  by  the  shortest  method 
possible,  consistent  with  accuracy;  the  method  to  vary 
according  to  the  specimen.     To  this  end  every  method  of 
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determination  short  of  quantitative  analysis  is  employed; 
that  is,  in  each  case  the  crystal  form  and  other  physical 
characters  are  used,  as  well  as  the  blowpipe  and  wet  tests, 
so  far  as  they  may  be  needed. 

After  the  student  has  studied  and  recited  upon  the 
specimens  contained  in  a  sufficient  number  of  drawers  of 
one  group,  he  is  then  assigned  to  drawers  containing  the 
unlabeled  minerals  of  another  group,  which  have  mixed 
with  them  specimens  of  the  preceding  group  or  groups. 
In  this  way  each  student  is  required  to  determine  in  his 
course  from  3,000  to  6,000  different  mineral  specimens, 
belonging  to  the  302  selected  species. 

The  instruction  is  based  on  the  sixth  edition  of  Profes- 
sor James  D.  Dana's  System,  of  Mineralogy,  revised  by 
Professor  Edward  S.  Dana,  1802,  and  every  student  is 
expected  to  provide  himself  with  a  copy.  In  addition, 
or  supplementary,  to  this  work,  there  is  given  a  series  of 
lectures  and  notes  by  the  Director,  in  which  the  charac- 
teristic features  of  each  mineral,  its  uses,  and  the  practi- 
cal methods  employed  to  distinguish  each  one,  are  pointed 
out.  Especial  attention  is  given  to  the  methods  needed 
in  the  field  and  mine,  when  one  can  not  have  recourse  to  a 
chemical  laboratory.  Every  effort  is  made  to  train  the 
student  to  close,  accurate  observation,  to  reason  correctly 
upon  what  he  sees,  and  to  exercise  good  judgment  in  his 
decisions. 

The  result  of  this  work  is  such  that  a  student  not  only 
knows  how  to  proceed,  in  order  to  determine  any  mineral 
that  he  may  meet,  but  he  is  also  enabled  to  recognize  at 
sight,  or  by  simple  tests,  the  great  majority  of  specimens 
belonging  to  the  three  hundred  and  two  mineral  species 
that  he  is  required  to  study  in  his  course. 

During  the  summer  term  of  1892  the  entire  mineral  col- 
lection was  rearranged  to  correspond  to  the  sixth  edition 
of  Dana's  System  of  Mwientlogy,  with  the  exception  of 
some  modifications  that,  it  was  thought,  would  enable  the 
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student  to  do  his  determinative  work  in  an  easier  and 
better  way,  (see  Tables  IV-X). 

Beside  the  collections  given  under  the  head  of  Crystallo- 
graphy there  are  the  following  for  use  in  the  laboratory 
work  in  Mineralogy: 


Collections  illustrating  Physical  Properties,  Pscudo- 
morphs,  ( )ptical  Properties,  etc 485 

Lecture  Collection 10,000 

First  Series 2,500 

Second  Series 2,100 

Third  Series 1,275 

Fourth  Series 3,225 

Fifth  Series 1,525  ' 

Sixth  Series 1,850 

Seventh  Series 1,425 

k  Review  Series 3,125 , 


Practice  Collection 


17,025 


27,510 


In  order  that  the  special  mineralogical  work  done  in  this 
institution  may  be  better  understood  by  persons  seeking 
information  upon  this  point,  and  in  addition  to  serve  as  a 
guide  to  the  pupil  in  referring  to  the  lecture  specimens, 
the  appended  tables  IV-X  are  given  of  the  species  to  be 
studied  in  the  laboratory  work  in  this  course.  The  system  of 
numbering  is  that  adopted  by  Professors  Brush,  of  Yale, 
and  Cooke,  of  Harvard;  the  original -col  lection  uuml>ers  in- 
crease by  ten  each  time,  in  order  to  allow  of  interpolations 
of  new  specimens  without  having  to  re-number  those 
already  in  the  lecture  collection. 

The  tables  only  show  the  numbers  of  the  specimens  be- 
longing to  the  species  upon  which  laboratory  work  is 
given,  and  not  those  of  the  other  species  represented  in 
the  lecture  collection. 

Regular  students  taking  this  course  must  have  passed  in 
tlie  Chemistry  and  Physics  of  the  Jirst  year*  and  the  pre- 
ceding Crystallography, 
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PETROGRAPHY. 

TIIE  DIRECTOR  AND  MR.  SEAMAN. 

Third  Year. — Fall  and  winter  terms,  six  hoars  a  week. 

In  this  course  the  student  is  taught  to  use  the  micro- 
scope as  a  simple  instrument,  and  also  as  a  piece  of  optical 
apparatus  for  the  determination  of  minerals  and  rocks. 

The  work  is  incidentally  divided  into  three  parts:  Mi- 
croscopic Mineralogy,  Lithology,  and  Petrology. 

Microscopic  Mineralogy:  Under  this  head  is  treated  the 
various  optical  and  other  characters  of  minerals  as  reveal- 
ed by  the  microscope.  Their  alterations  are  especially 
studied  owing  to  the  importance  of  these  in  the  subject  of 
Economic  Geology. 

In  this  elementary  course  the  student  is  expected  to  do 
sufficient  laboratory  work  to  enable  him  to  distinguish 
globulites,  triehites,  microliter,  spherulites,  aggregates, 
twinned  crystals,  fluid,  glass  and  stone  inclusions,  isotropic 
and  anisotropic  bodies,  uniaxial  and  biaxial  crystals,  posi- 
tive and  negative  uniaxial  and  biaxial  crystals;  and  to  de- 
termine the  axis  of  elasticity  in  a  crystal  plate,  the  extinc- 
tion line  of  crystals,  and  the  crystal  system  of  plates  in 
parallel  polarized  light.  He  is  required  to  know  the  con- 
ditions necessary  for  the  determination  of  uniaxial  and  bi- 
axial crystals  in  converging  polarized  light;  also  pleochro- 
ism,  how  determined  and  for  what  use;  the  use  of  Newton's 
scale  of  colors  and  the  use  of  the  gypsum  and  mica  plates, 
quartz  wedge,  and  the  Bertrand  lens.  He  should  be  able 
to  determine  the  following  minerals,  and  give  the  charac- 
ters that  distinguish  each  one  from  the  others:  Graphite, 
pyrite,  quartz  (chalcedony),  hematite,  ilmenite,  spinel 
(picotite),  magnetite,  chromite,  rutile,  zircon,  opal,  calcite, 
dolomite,  orthoclase,  microcline,  plagioclase,  leucite,  en- 
statite  (bastite),  hypersthene,  pyroxene  (diallage,  om- 
phacite,  and  augite),  amphibole  (tremolite,  actinolite  and 
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hornblende),  glaucophane,  nephelite  (elaeoKte),  sodalitc, 
haiiyuite,  uoselite,  garnet,  chrysolite  (olivine),  andalusito 
(chiastolite),  sillimanite  (tibrolite),  tourmaline,  staurolite, 
titauite,  rauscovite,  biotite,  chlorotoid  (ottrelite),  chlorite, 
serpentine  (chrysotile),  talc,  kaolinitc,  apatite  and  gypsum. 

For  the  purpose  of  instruction  there  is  used  as  a  text 
book  and  laboratory  manual,  Roscnbuseh's  "Microscopical 
Physiography",  translated  by  Joseph  P.  Iddings,  Third 
Edition,  1893. 

This  is  supplemented  by  a  series  of  lectures  given  by 
the  Director. 

For  the  purpose  of  giving  the  above  elementary,  as  well 
as  graduate,  instruction,  the  department  is  supplied, 
amongst  other  things,  with  the  following  apparatus: 

Twenty-nine  Bausch  and  Lonib's  Petrographical  Micro- 
scopes, made  expressly  for  the  Michigan  Mining  School; 
with  Micrometer  Eyepieces,  Bertraud's  Lenses,  Quartz 
Wedges,  Undulation  Plates,  etc. 

Four  Beck's  Petrographical  Microscopes  with  Acces- 
sories. 

One  Fuess's  Largest  Petrographical  Microscope,  of  the 
latest  pattern,  with  all  the  Accessories;  made  expressly  for 
this  institution. 

One  Nachet's  Largest  Petrographical  Microscope,  with 
all  the  Accessories. 

One  Dick's  Petrographical  Microscope,  with  Swift's  Ob- 
jectives and  other  Accessories. 

One  projection  Microscope. 

One  Nachet's  Inverted  Chemical  Microscope. 

One  Spectroscope. 

One  Spectropolarizer. 

One  Sorby's  Apparatus  for  observing  the  four  images 
given  by  biaxial  bodies. 

Two  Calderon's  Oculars. 

Three  Bertrand  Oculars. 
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One  Spectroscope  Ocular. 

One  Goniometer  Ocular. 

One  Babinet's  Compensator  Ocular. 

One  Michel -Levy's  Comparateur. 

One  Axial  Angle  Apparatus  for  measurements  in  oil. 

Two  Axial  Angle  Apparatuses. 

One  Periscope  Eyepiece. 

One  Filar  Micrometer. 

One  Cross-hair  Micrometer. 

Three  Micrometers. 

Four  Camera  Lucidas. 

Two  Abbe*  "s  Camera  Lucidas. 

One  Bausch  and  Lomb's  One-inch  Microphotographie 
Objective. 

One  Mica  Plate  Nose  Piece. 

Many  Extra  Eyepieces,  Objectives,  etc. 

One  Condenser. 

One  Condenser  with  Iris  Diaphragm. 

One  Jannettaz's  Thermal  Apparatus. 

One  Latterman's  Apparatus. 

One  Fuess's  Polariscope  with  Accessories. 

One  Groth's  Universal  Apparatus,  with  Goniometer. 

One  Fuess's  Application  Goniometer  for  dull  crystals. 

One  Fuess's  Reflection  Goniometer. 

One  HirschwakTs  Microscope  Goniometer. 

One  Linhof  s  Reflection  Goniometer. 

One  Total  Reflectometer  Attachment. 

Fourteen  Miller's  Goniometers. 

One  Stage  Goniometer. 

One  Bertrand's  Micro-goniomoter  with  Special  Stage. 

One  Flask  for  measuring  Index  of  Fluids. 

One  Pyroelectric  Duster. 

One  Streng's  Chest  and  Apparatus,  for  Microchemical 
Reactions,  etc,  etc. 

3752  Thin  Sections  of  Rocks  and  Minerals. 
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Lithology:  The  instruction  in  this  branch  of  Petrog- 
raphy comprises  both  macroscopic  and  microscopic  study  of 
rocks. 

For  this  work  large  and  complete  collections  of  rock 
specimens,  with  numerous  thin  sections,  are  arranged  for 
the  use  of  the  student.  The  course  of  instruction  here  is 
similar  to  that  followed  in  the  course  in  Mineralogy. 
Lectures  are  given  upon  the  specimens  of  the  typical  col- 
lection, the  method  of  classification  explained,  and  the  dis- 
tinguishing characters  of  the  different  groups,  species,  and 
varieties  pointed  out.  Special  attention  is  called  to  the 
variations  and  alterations  in  rocks,  and  to  their  local  modi- 
fications due  to  their  special  mode  of  occurrence  in  the 
field. 

The  object  of  the  course  is  to  give  the  student  that  train- 
ing in  the  practical  determination  of  rocks  that  will  enable 
him  to  know  them  in  the  field  and  mine,  as  well  as  to  ob- 
serve their  alterations  and  modifications — subjects  that 
have  a  very  important  bearing  upon  the  vital  questions 
relating  to  ore  deposits. 

After  the  study  of  a  sufficiently  large  number  of  types 
has  been  had,  the  student  has  assigned  to  him  drawers 
containing  unlabeled  specimens  of  these  rocks,  which  he  is 
expected  to  determine  and  recite  upon,  as  he  has  done  in 
his  study  of  the  minerals.  The  course  is  thus  made  thor- 
ough and  practical,  and  adapted  to  the  needs  of  the  miner 
and  geologist,  giving  them  a  training  which  they  can  make 
use  of  in  their  future  work. 

The  student  is  drilled  at  the  same  time  upon  both  the 
microscopic  and  macroscopic  characters  of  the  rocks  he  is 
studying. 

Besides  between  three  and  four  thousand  thin  sections 
for  microscopic  work,  for  maeroscopic  work  there  are  the 
following  collections  of  rocks  available  for  use  in  this 
course: 
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Lecture  Collection 3,800 

Practice  Collection 6,500 

Rosenbusch  Collection 1,000 

Collection  of  Michigan  Rocks 275 

11,575 

The  subjoined  classification  of  rocks,  Table  XI,  will  show 
the  scope  of  the  laboratory  work  and  lectures,  as  the  in- 
struction in  Lithology  is  given  entirely  by  lectures  and 
laboratory  practice. 

Petrology:  Under  this  subdivision  of  Petrography,  the 
various  questions  relating  to  the  origin,  modes  of  occur- 
ence, relations  and  alterations  of  rocks,  as  observed  in  the 
field,  are  considered. 

This  subject  is  further  considered  under  the  head  of 
Physical  Geology. 

Regular  students  taking  this  course  must  have  completed 
the  course  in  Mineralogy,  I*hysics  and  the  preceding  Gen- 
eral and  Qualitative  Chemistry. 


STRATIGRAPIIICAL  GEOLOGY. 

MR.  SEAMAN. 

Third  Year. — Winter  term,  live  hours  a  week. 

This  course  will  consist  of  recitations  and  laboratory 
work,  and  will  be  given  in  continuation  of  the  course  in 
Paleontology.  The  object  of  the  course  will  be  to  famil- 
iarize the  student  with  the  life  history,  lithological  charac- 
ters, mode  of  formation,  and  distribution  in  time  and  space, 
of  the  formations  which  compose  the  earth's  crust. 

In  the  laboratory  the  student  will  be  drilled  in  determin- 
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ing  the  fossils  in  hand  specimens,  and  in  assigning  the 
fossils  so  determined  to  their  proper  geological  system* 
For  this  purpose  there  are  available,  the  Paleontologies! 
collections  of  throe  thousand  specimens,  three  small  colleo-! 
tions — one  European  and  two  American— containing  600 
specimens  arranged  stratigraphically,  and  over  one  thoua* 
and  specimens  of  sedimentary  rocks  belonging  to  thd 
lithological  collection.  If  time  permits,  there  will  be 
exercises  in  determining  horizons,  with  the  aid  of  paleon- 
tological literature,  with  which  the  library  is  well  supplied 

In  addition  to  the  above,  some  time  will  be  given  to  sur- 
face geology,  in  which  the  present  contours  of  the  land  will 
be  explained.  The  text-book  is  Dr.  Archibald  Geikie'si 
"Text-Book  of  Geology,"  books  VI  and  VII. 

Regular  students  taking  this  course  must  have  completed 
the  preceding  courses  in  Botany,  Zoology,  Paleontology 
and  Physical  Geology. 


PHYSICAL  GEOLOGY. 

THE  DI  RECTO  K. 

Third  Year. — Fall   term,   two  hours  a  week,   winter 
term,  three  hours  a  week. 

The  instruction  in  Physical  Geology  is  intended  to  ba 
especially  adapted  to  the  needs  of  the  explorer,  the  engi 
neer,  the  pctrographer,  the  geologist,  the  miner,  the 
quarryman,  and  of  all  others  who  desire  to  understand  the 
connection  and  the  structural  relations  that  rock  masses 
have  to  one  another  and  to  the  valuable  deposits  which 
they  may  contain.  It  is  intended  to  treat  of  the  origin  and 
alterations  of  rocks,  of  general  volcanic  and  earthquake 
action,  metainorphism,  jointing,  faulting,  cleavage,  moun- 
tain building,  eruptive   rocks  and   crystalline  schists;  tho 
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action  of  air,  surface  and  underground  waters,  and  life;  the 
interior  condition  of  the  earth,  etc.,  especially  in  their  re- 
lations to  the  problems  that  the  economic  geologist,  miner 
and  quarryman  have  to  meet.  The  student  has  brought 
before  him  constantly  the  various  problems  that  arise  in 
the  practical  work  and  their  methods  of  solution. 

The  course  is  given  by  lectures  and  by  recitations  based 
upon  the  lectures  and  upon  Dr.  Archibald  Geikie's  Text 
B<tok  of  Geology \  third  edition,  1S93,  books  I,  II  (part  I), 
III  and  IV. 

Regular  students  who  take  this  course  must  have  com- 
pleted the  preceding  work  in  Physics,  Chemistry  and  Min- 
eralogy. 


ECONOMIC  GEOLOGY. 

THE   DI HECTOR. 

Fourth  Year. — Fall  term,  five  hours  a  week;  winter 
term,  five  hours  a  week  (elective). 

In  the  old  three  years'  course,  the  instruction  is  confined 
to  the  winter  term  of  the  third  year,  and  is  given  in  an 
abbreviated  form.  In  18S>3-1894  Kemp's  "Ore  Deposits" 
was  used  as  the  text  book,  but  was  supplemented  by  num- 
erous lectures.  In  the  four  years'  course,  the  instruction 
will  take  up  the  geology  of  the  useful,  or  economic,  mineral 
products  in  two  different  ways. 

1st,  Their  origin  and  modes  of  occurrence. 

2nd,  Their  uses. 

The  general  ground  covered  by  lectures  relating  to  the 
modes  of  occurrence  of  products  treated  in  the  course  of 
Economic  Geology   is  shown  in   Table   XII;   while  that 

10 
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covered  by  the  lectures  relating  to  the  uses  of  these  pro- 
ducts is  shown  in  a  general  way  by  Table  XIII. 

Special  attention  is  given  to  the  instruction  of  the 
student  in  Mineralogy,  Petrography  and  Geology,  in  order 
that  he  may.  in  after  years  understand  the  nature  of  the 
deposits  upon  which  he  may  be  at  work;  since  disastrous 
mistakes  probably  occur  in  the  practice  of  a  mining  engi- 
neer oftcner  through  ignorance  of  the  petrographical  and 
geological  relations  of  the  ore  deposits  in  question,  than 
from  a  lack  of  engineering  or  metallurgical  skill. 

The  location  of  the  school  affords  special  advantages  for 
the  study  of  Petrography  and  General  and  Economic  Geo- 
logy. It  is  situated  in  the  midst  of  the  vast  and  ancient 
lava  flows  and  conglomerates  generally  known  as  the 
Copper-bearing  or  Keweenawan  series,  and  near  the  Eastern 
or  Potsdam  Sandstone.  In  the  immediate  vicinity  are  to 
be  solved  some  of  the  most  important  and  fundamental 
problems  of  petrographical  and  geological  science,  i\  g. 
the  metamorphism,  or  alteration  of  rocks;  the  true  age  of 
the  so-called  Keweenawan  series;  the  relation  of  the  so- 
called  Huronian  and  Laurentian  series;  the  origin  of  the 
iron  ore,  etc. ;  while  almost  every  problem  of  Geology  finds 
its  illustration  in  some  portion  of  the  Upper  Peninsula. 

The  instruction  in  the  various  departments  under  the 
charge  of  the  Director  is  intended  to  be  given  so  that  all 
those  who  wish  to  obtain  a  knowledge  of  the  subjects  as  a 
matter  of  general  information,  or  to  prepare  themselves  to 
be  teachers  or  investigators,  can  attend  with  advantage. 

Regular  students  who  talcs  this  course  must  have  com- 
pleted the  preceding  work  in  Physics,  Elementary  Chemis- 
try, Qualitative  Analysis,  Mineralogy,  Petrography  and 
Geology. 
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FIELD  WORK  IX  GEOLOGY. 

THE  DIRECTOR   AND  MR    SEAMAN. 

Third  Year, — Summer  term,  forty-five  hours  a  week, 
six  weeks. 

Part  of  the  summer  term  of  the  third  year  is  spent  in 
the  field  and  about  the  mines,  in  the  practical  study  of 
various  questions  in  General  and  Economic  Geology,  Min- 
eralogy and  Petrography. 

In  order  to  increase  the  usefulness  of  the  Mining  School, 
by  enabling  persons  to  take  some  of  its  courses  of  instruc- 
tion, the  summer  work  in  Geology^  Shop  Practice,  Ore 
Dressing,  Assaying,  and  Surrey  i-ny,  is  open  to  all  properly 
prepared  persons.  All  candidates  for  a  degree  in  this  in- 
stitution arc  required  to  take  all  this  work,  as  it  is  a  part  of 
the  regular  course.  The  summer  course  in  Geology  will 
commence  early  in  July  and  continue  for  six  weeks.  The 
course  consists  essentially  in  the  examination  and  discus- 
sion of  observed  phenomena  of  the  sedimentary  and  erup- 
tive rocks,  whether  metamorphic  or  not,  as  well  as  of  the 
associated  ores  to  be  seen  in  the  Upper  Peninsula  of  Mich- 
igan. The  work,  for  the  most  part,  will  be  done  in  the 
vicinity  of  the  mines,  and  students  will  be  expected  to 
make  maps,  notes,  sections,  diagrams,  etc. 

Special  instruction  is  given  in  geological  wood  craft  and 
surveying,  like  finding  quarter  posts,  tracing  section  lines, 
finding  and  locating  outcrops,  tracing  dikes  and  veins,  dis- 
tinguishing geological  formations,  their  distribution  and 
relations,  etc. 

For  purposes  of  instruction,  this  department  is  well 
supplied  with  dial  and  dip  compasses  and  barometers. 

During  the  summer  of  1893,  the  class  worked  in  the 
Marquette,  Menominee  and  Gogebic  Iron  districts,  and  in 
1894  the  work  will  be  done  along  the  shore  of  Lake  Supe- 
rior and  in  the  Marquette  Iron  district,  as  this  region  offers 
the  most  varied  and  extended  problems  of  almost  any 
district  of  its  size  in  the  world. 
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The  student  of  geology  can  study  within  the  limits  of 
the  Upper  Peninsula  of  Michigan  the  following  strati- 
graphical  formations,  commencing  in  the  list  with  the 
oldest: 


Azoic   or    Archaean 
System 


Paleozoic  System.. 


Laurentian  (?)  Period    Cascade  Formation. 
Hurouia.,  <T,  Period . .  {  BUM  &SS1 uT 
M.cta.Kan  Period -j  g^^SSiSSi. 

Po,llhf.,OM  p«-irui  i  Potsdam  Formation. 

Cambrian  Period )  [Keweenawan  Formation.] 

f  Calciferous  Formation. 


Silurian  Period. 


Trenton  Formation. 
Hudson  River  Formation. 
Niagara  Formation. 
Onondaga  Formation. 
Lower  He lderberg  Formation. 


.Devonian  Period Upper  Helderberj?  Formation. 

Anthropozoic  or  An- J  r*....«i,t.»«t.,,  i\,,.»,vh         S  Pleistocene  Formation, 
thozofe  System I  Quaternary  1  eriod ....-,  Keceut  Formation. 


THESES. 

Every  student  who  is  a  candidate  for  the  degree  of 
Mining  Engineer  in  the  four  years  course  is  required  to 
present  to  the  Faculty  a  satisfactory  thesis  giving  the 
result**  of  original  work  in  some  subject  related  to  the 
studies  of  the  course,  before  he  can  be  recommended  to  re- 
ceive his  degree.  Students  who  intend  to  graduate  in  any 
year  are  required  to  select  their  subjects  and  present  them 
to  the  Faculty  for  approval  during  the  fall  term  of  that 
school  year. 

The  theses  are  required  to  embody  the  results  of  some 
investigation,  followed  under  the  direction  of  one  or  more 
of  the  teachers  in  the  school;  and  to  be  accepted,  they  need 
to  possess  considerable  merit,  and  to  give  evidence  to 
thorough  work. 

Candidates  for  the  degree  of  Bachelor  of  Science  are  not 
required  to  present  any  thesis. 
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ORGANIZATION. 


The  Michigan  Mining  School  is  an  Institution  estab- 
lished and  supported  by  the  State  of  Michigan,  in  accord- 
ance with  that  liberal  educational  policy  which  has  placed 
the  University  of  Michigan  amongst  the  foremost  educa- 
tional institutions  of  America. 

The  Mining  School  is  organized  under  the  authority  of 
an  Act,  approved  May  1,  1885,  portions  of  which  are  as 
follows: 

"Section  1.  The  people  of  the  State  of  Michigan 
enact:  That  a  school  shall  be  established  in  the  Upper 
Peninsula  of  the  State  of  Michigan,  to  be  called  the 
Michigan  Mining  School,  for  the  purpose  and  under  the 
regulations  contained  in  this  Act. 

"Sec.  2.  The  said  school  shall  be  under  the  control 
and  management  of  a  board  of  six  members,  not  less  than 
four  of  whom  shall  be  residents  of  the  Upper  Peninsula 
of  the  State  of  Michigan,  who  shall  be  known  as  the  'Board 
of  Control  of  the  Michigan  Mining  School,1  and  who  shall 
be  appointed  by  the  Governor  of  the  State  of  Michigan, 
by  and  with  the  consent  of  the  Senate,  (****)  and 
who  shall  serve  without  compensation. 

"Sec.  5.  The  course  of  instruction  shall  embrace 
geology,  mineralogy,  chemistry,  mining  and  mining  en- 
gineering, and  such  other  branches  of  practical  and  theo- 
retical knowledge  as  will,  in  the  opinion  of  the  board,  con- 
duce to  the  end  of  enabling  the  students  of  said  Institution 
to  obtain  a  full  knowledge  of  the  science,  art  and  practice 
of  mining,  and  the  application  of  machinery  thereto. 
Tuition  shall  be  free  in  said  Institution,  to  all  bona  fide 
residents  of  this  State,  but  a  reasonable  charge  for  inci- 
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dental  expenses,  not  less  than  ten  dollars  nor  exceeding 
thirty  dollars  per  year,  may  be  made  against  any  student, 
if  deemed  necessary,  and  the  board  shall  not  be  obliged  to 
furnish  books,  apparatus,  or  other  materials  for  the  use  of 
students. 

''Sec.  6.  The  course  of  study,  the  terms,  and  the  hours 
of  instruction,  shall  be  regulated  by  the  board,  who  shall 
also  have  power  to  make  all  such  rules  and  regulations 
concerning  admission,  control  and  discipline  of  students, 
and  such  others,  as  may  be  deemed  necessary  for  the  good 
government  of  the  Institution  and  the  convenience  and 
transaction  of  its  business. 

"Sec.  7.  No  debt  shall  be  contracted  beyond  or  apart 
from  the  actual  means  at  the  disposal  of  the  Institution. 
The  board  may  dispose  of,  or  lease  any  property  donated 
to  the  State  for  said  School,  or  which  may  be  acquired  in 
payment  of  debts,  except  of  such  as  is  necessary  for  the 
accommodation  of  the  school.      ******" 

In  conformity  with  the  above  act,  the  Michigan  Mining 
School  was  tirst  opened  to  students  September  15,  1886, 
and  has  been  made  free  to  students  from  every  land.  All 
are  received  on  the  same  conditions,  no  matter  where  their 
residence  may  be. 
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EXPENSES. 


Under  the  act  of  organization,  the  Board]  of  Control 
have  made  the  school  entirely  free,  no  charge*  being  made 
for  tuition  or  incidentals,  whether  the  student  was  a  resi- 
dent of  the  State  of  Michigan,  or  of  the  United  States,  or 
not;  all  has  been  made  free  to  the  students  from  every 
land.  The  supplies  in  the  chemical  and  allied  laboratories 
are  furnished  the  students,  and  they  are  required  to  pay  for 
materials,  re-agents,  etc.,  and  for  the  use  and  breakage  of 
apparatus. 

All  students  working  in  the  Chemical  Laboratories  are 
required  to  pay  ten  dollars  a  year,  which  general  charge 
covers  all  chemicals,  gas,  use  of  balances,  etc.  Students 
taking  the  course  in  Assaying  are  required  to  pay  four 
dollars  for  the  tirst  year,  and  eight  dollars  for  the  second 
3' ear. 

In  order  partially  to  insure  the  State  against  damage 
and  loss  to  its  school  property,  every  student  is  required 
to  deposit  with  the  Treasurer  the  sum  of  twenty-five 
dollars  ($25).  This  sum  shall  not  be  withdrawn  by  the 
student  until  he  closes  his  connection  with  the  School; 
and  if  any  portion  is  required  by  the  School  as  a  refund 
for  damages,  the  part  withdrawn  shall  be  at  once  replaced 
by  the  student,  or  he  shall  be  dismissed  from  the  school. 

Charges  for  apparatus,  chemicals  and  other  supplies  from 
the  store  room,  as  well  as  for  repairs  of  damages  to  Behool 
property,  and  also  tines,  shall  bo  deducted  from  coupons 
procurable  from  the  Clerk  upon  payment  of  five  dollars 
each,  but  no  portion  of  the  twenty-five  dollars  abort  men- 
tioned shall    be  used  for  the  purchase  of  these   coupons, 
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The  permanent  deposit  of  twenty-tive  dollars,  together  with 
any  balance  equivalent  to  the  unused  portion  of  a  coupon, 
shall  l>e  returned  to  the  student  when  he  closes  his  connec- 
tion with  the  school,  but  not  before. 

Each  student  is  required  to  present  to  the  Director  his 
certificate  of  deposit  from  the  Treasurer,  at  the  commence- 
ment of  each  school  year,  or  at  such  time  thereafter  as  he 
may  present  himself  at  the  School  for  work.  The  Director 
may  then  issue  an  annual  certificate  of  membership  to  the 
student,  subject  to  the  subsequent  approval  of  the  Faculty. 

No  student  shall  be  considered  a  member  of  the  School, 
or  allowed  to  join  in  any  of  the*  exercises,  or  to  take  any 
apparatus,  chemicals,  books,  etc.,  until  he  shall  have  pre- 
sented to  the  Instructor,  Librarian  and  Dispensing  Clerk, 
his  certificate  of  membership  for  that  school  year. 

It  shall  be  the  duty  of  the  Treasurer  to  have  printed 
such  coupons  as  are  needed.  These  shall  be  deposited 
with  the  Clerk,  the  Treasurer  taking  his  receipt  therefor. 
The  Clerk  shall  pay  over  to  the  Treasurer  all  money  re- 
ceived from  the  student  in  payment  for  the  coupons,  tak- 
ing his  receipt  therefor.  The  accounts  of  the  Clerk  shall 
be  audited  every  year;  at  which  time  the  Clerk  shall  show 
to  the  Auditing  Committee,  Treasurer's  receipts  and  un- 
used coupons  amounting  in  value  to  all  the  coupons  de- 
posited with  him  by  the  Treasurer,  before  the  Clerk's 
accounts  shall  be  adjusted. 

There  are  no  dormitories  connected  with  the  School. 
Arrangements  can  be  made  by  those  who  desire  to  do  so, 
to  obtain  board  and  rooms  in  private  families,  and  in  board- 
ing houses,  in  Houghton  and  Hancock,  at  prices  varying 
from  twenty  to  twenty-five  dollars  per  calendar  month. 
Twenty-two  to  twenty-three  dollars  per  month  is  under- 
stood to  be  the  standard  average  price.  This  is  to  include 
the  room,  heat  and  lights,  as  well  as  board.  Board  alone 
can  be  obtained  at  from  seventeen  to  twenty  dollars  per 
calendar  month. 
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The  necessary  expenses  of  the  students  are  estimated  by 
them  as  follows,  for  each  year: 

Board,  etc.,    10*  months  at  $20.00  to 

$25.00 $210  00  to  $263  50 

Apparatus,  Chemicals,  etc 20  00  to  40  00 

Books  and  Drawing  Materials 25  00  to  50  00 

Traveling  Expenses  (Excursions, Field- 
work,  etc.) 10  00  to  50  00 

Washing 20  00  to  80  00 

Total $285  00        $432  50 


146  Michigan  Mining  School. 


PRIZES  AND  SCHOLARSHIPS. 


THE  LONGYEAR  PRIZES. 

Through  the  liberality  of  Hon.  J.  M.  Longyear,  of  Mar- 
quette, the  following  prizes  have  been  offered,  as  stated  in 
his  letter  making  the  offer,  which  is  here  appended: 

Marquette,  Michigan,  Nov.  0,  1887. 
Charles  E.  Wright,  Esq.,  Marquette: 

Dear  Sir— I  wish  to  offer  three  first  prizes  of  seventy-flve  dol- 
lars ($75)  each,  and  three  second  prizes  of  fifty  dollars  ($50)  each, 
to  be  competed  for  by  the  members  of  the  senior  class  of  the  Michi- 
gan Mining  School.  The  competition  to  be  by  means  of  papers 
on  three  subjects,  written  by  members  of  the  class,  and  sub- 
mitted to  the  Board  of  Control  for  examination,  in  such  a 
manner  and  at  such  a  time  as  the  Board  may  determine.  I  de- 
sire subjects  selected  with  a  view  of  producing  papers  which 
will  be  of  practical  use  in  developing  the  mineral  resources  of 
the  State  of  Michigan.  I  should  like  something  which  would  he 
of  service  to  the  average  woodsman  or  explorer,  and  suggest  the 
subjects  of  Practical  Field  Geology,  and  the  use  of  the  Dial  and 
Dip  Compass  in  explorations;  leaving  the  selection  of  the  third 
subject  to  the  judgment  of  the  Board.  If  this  offer  is  accepted, 
and  there  are  two  or  more  papers  on  each  subject  submitted,  I 
will  pay  seventy-flve  dollars  to  each  of  the  writers  of  the  three 
papers  which  may  be  awarded  the  first  prizes,  and  fifty  dollars  to 
each  of  the  writers  of  the  three  papers  which  may  be  awarded 
the  second  prizes. 

I  would  suggest,  however,  that  in  case  only  two  papers  are 
submitted,  that  the  Board  reserve  the  right  of  awarding  only 
one  prize,  in  case  such  action  should  seem  advisable.  In  case 
only  one  paper  should  be  submitted,  I  should  like  the  Board  to 
exercise  its  judgment  in  awarding  a  prize.  It  is  my  desire  to 
publish  the  papers  under  the  writers'  names,  in  pamphlet  form, 
for  distribution  among  miners,  explorers,  land  owners,  and 
others. 

Yours  very  truly, 

.  J.  M.  Longyear. 


Prizes  and  Scholarships.  147 

In  conformity  with  the  foregoing  letter,  the  Board  of 
Control  have  decided  upon  the  following  subjects  and 
conditions: 

SUBJECTS. 

1.  Field  Geology;   its  Methods  and  their  Applications. 

2.  The  Dial  and  the  Dip  Compass  and  their  Uses. 

3.  The  Diamond  Drill  and  its  Uses. 

CONDITIONS. 

The  conditions  under  which  the  prizes  are  awarded  are 
as  follows: 

The  papers  are  to  be  presented  by  September  30th,  for 
each  year. 

A  student  may  present  a  paper  upon  each  of  the  three 
subjects,  which  will  entitle  him  to  three  prizes,  if  his 
papers  are  found  worthy. 

The  dissertations  must  be  prepared  in  the  same  manner 
as  the  theses,  the  regulations  for  which  can  be  procured 
on  application  to  the  Secretary  of  the  School. 

The  title  page  is  to  have  upon  it  an  assumed  name,  and 
each  dissertation  is  to  bo  accompanied  by  a  sealed  envelope 
bearing  the  same  name.  This  envelope  must  contain  the 
writer's  true,  as  well  as  assumed,  name,  and  his  address, 
and  it  will  not  be  opened  until  the  awards  have  been 
made. 

No  prizes  will  be  awarded,  unless  the  papers  are  judged 
by  the  committee  to  whom  they  are  referred,  to  be  of  a 
sufficiently  high  standing  to  be  entitled  to  a  prize;  hence 
there  may  be  awarded  all,  part,  or  none  of  the  prizes,  as 
the  case  may  be. 

These  prizes  can  now  be  competed  for  by  any  students 
of  the  school,  whether  special,  graduate  or  regular,  without 
restriction  to  the  graduating  class,  as  was  originally 
specified. 
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THE  CHARLES  E.  WRIGHT  SCHOLARSHIP. 

The  Charles  E.  Wright  Scholarship  has  been  founded  by 
Mrs.  Carrie  A.  Wright,  of  Ann  Arbor,  in  accordance  with 
the  conditions  expressed  in  the  letter  given  below: 

To  the  Honorable  Board  of  Control  oftlw  Michigan  Mining  School: 

Gentlemen:— In  memory  of  my  husband,  the  late  Charles  E. 
Wright,  and  as  a  token  of  the  deep  interest  he  had  in  the  Michi- 
gan Mining  School,  I  desire  to  give  to  said  school  the  sum  of  one 
thousand  dollars. 

If  said  gift  shall  be  accepted,  it  is  to  be  held  under  the  follow- 
ing conditions,  to-wit:  It  is  to  be  invested  as  a  permanent  fund, 
by  the  Board  of  Control,  to  form  the  nucleus  of  a  scholarship  to 
be  known  as  the  Charles  E.  Wright  Scholarship.  The  income  is 
be  given  to  some  indigent  student,  by  vote  of  the  Board  of  Con- 
trol, with  the  advice  and  consent  of  the  faculty  of  said  school. 

The  award  is  to  be  made  during  the  tlrst  term  of  the  year,  to 
some  student  who  has  a  satisfactory  record  during  the  entire 
preceding  year  in  the  Michigan  Mining  School,  and  who  intends 
to  devote  himself  to  the  profession  of  Mining  Engineering  or 
Geological  work.  The  income  is  to  be  divided  into  three  equal 
parts,  to  be  paid  during  the  three  terms  of  the  year,  and  if  at 
any  time  the  conduct  or  standing  of  the  student  receiving  the 
award  should  become  unsatisfactory,  the  portion  then  remain- 
ing unpaid  should  be  withheld  from  him,  and  given  to  some 
other  student,  in  accordance  with  the  terms  of  this  gift. 

(Signed)  Carrie  A.  Wright. 


THE  NORRIE  SCHOLARSHIP. 

This  scholarship  has  been  founded,  and  will  be  awarded, 
in  accordance  with  the  conditions  and  requirements  stated 
below: 

Knoxc  all  men  by  these  presents,  That  I,  A.  Lanfear  Norrie,  of  the 
city  of  New  York,  hereby  give,  grant,  assign,  and  set  over  unto, 
the  Michigan  Mining  School,  of  Houghton,  Michigan,  and  to 
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Peter  White,  D.  II.  Ball  and  J.  M.  Longyear,  of  Marquette, 
Michigan,  as  trustees,  the  sum  of  Ave  thousand  dollars  ($5,000), 
lawful  money  of  the  United  States. 

The  conditions  of  this  gift,  and  upon  which  this  fund  is  to  be 
taken,  are,  that  the  said  trustees  shall  invest  the  same  upon 
bond  and  mortgage  in  the  village  of  Marquette,  or  in  the  city  of 
Detroit,  in  the  State  of  Michigan,  or  in  the  city  of  Milwaukee, 
in  the  State  of  Wisconsin,  or  in  the  city  of  Chicago,  in  the  State 
of  Illinois,  upon  unencumbered  improved  real  estate. 

That  one-half  of  the  income  of  said  sum  of  $5,000  shall  be  paid 
yearly  by  said  trustees  unto  the  Board  of  Control,  for  the  support 
of  some  student  whose  father  has  worked  in,  or  in  some  way 
been  connected  with,  mining  operations  in  the  Upper  Peninsula 
of  Michigan,  who  shall  be  designated  by  the  faculty  of  said 
school;  and  the  remainder  of  said  income  shall  be  accumulated 
and  invested  as  said  principal  shall  be  invested,  and  that  this 
fund  with  its  accumulations  shall  be  the  basis  of  a  larger  fund, 
to  be  obtained  from,  other  contributions,  amounting  to  at  least 
one  hundred  thousand  dollars  ($100,000),  to  be  used  for  the  erec- 
tion of  a  Dormitory  Building,  for  the  use  of  such  students  as  shall 
be  designated  by  said  faculty;  which  building,  when  erected, 
shall  be  under  the  exclusive  control  of  the  corporation  or  Board 
of  Control  of  the  said  Michigan  Mining  School. 

This  gift  is  to  the  said  trustees  and  their  successors  forever, 
for  the  benefit  of  the  said  Mining  School.  In  case  of  the  death 
of  either  of  said  trustees,  the  survivors  or  survivor  shall  appoint 
a  successor  or  successors. 

When  the  erection  of  said  building  shall  be  commenced,  after 
the  said  fund  of  one  hundred  thousand  dollars  is  obtained,  the 
sum  hereby  given,  with  all  its  accumulations,  shall  be  paid  over 
to  the  said  Mining  School,  for  the  purpose  aforesaid. 

Witness  my  hand,  the  30th  day  of  January,  1890. 

A.  Lanfear  Norrie. 
Witness,  T.  E.  O.  M.  Stetson. 

We,  Peter  White,  D.  H.  Ball  and  J.  M.  Longyear,  the  persons 
named  in  the  above  instrument,  accept  the  trust  therein  grant- 
ed, in  all  respects,  and  agree  to  comply  with  the  conditions 
thereof. 
Witness  our  hands,  the  1st  day  of  February,  1890. 

Peter  White, 
D.  II.  Ball, 
J,  M,  Lonoyear. 
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THE  LONGYEAR  FUND. 

This  is  a  fund  of  $  500. 00,  given  for  the  year  1892-93, 
by  Mr.  J.  M.  Longyear,  of  the  Board  of  Control,  to  be  the 
property  of  the  Mining  School,  to  be  loaned  to  students 
of  said  school  who  may  be  designated  by  the  Treasurer 
and  Director,  said  students  being  unable  to  maintain  their 
connection  with  the  school  without  such  aid.  This  money 
is  not  to  be  a  gift  to  the  student,  but  he  is  to  pay  it  back 
as  soon  aa  practicable  after  graduation.  After  his  grad- 
uation, interest  will  be  charged  him  for  the  first  three 
years  at  5  per  cent,  and  for  the  following  two  years  at  7 
per  cent.  The  money  and  the  interest  are  to  go  to  the 
fund,  to  aid  other  students  in  the  same  way.  This  method, 
it  is  believed,  will  lead  the  student  to  a  more  manly  feel- 
ing than  a  gift  outright  would  produce  in  him,  since  it 
gives  him  the  means  of  paying  for  his  own  education, 
assists  him  when  he  most  needs  assistance,  and  enables 
him  to  return  the  money  to  aid  others,  at  a  time  when  he 
can  best  do  so. 

It  is  believed  that  it  would  be  better  if  all  funds  given  to 
the  School  for  investment  and  use,  should  bo  accompanied 
by  some  proviso  that  a  certain  portion,  at  least,  of  the  in- 
come shall  be  saved  or  set  aside,  to  increase  the  principal 
until  it  shall  attain  a  limit,  either  fixed,  or  left  to  the 
proper  authorities  to  determine.  Such  a  method  would 
enable  the  institution  in  the  future  to  do  much  more  good, 
than  it  would  if  the  income  were  to  be  spent  entirely  each 
year. 

The  School  is  in  great  need  of  funds  to  aid  students  who 
would  otherwise  be  unable  to  attend  this  institution.  Aid 
of  this  kind  is  frequently  sought  by  able  and  worthy 
young  men,  and  all  is  done  that  can  be,  with  the  limited 
means  at  the  command  of  the  School,  to  aid  them. 

The  Longyear  Fund  has  been  continued  for  three  years, 
and  now  amounts  to  $1,500.00,  but  no  part  of  it  is  avail- 
able in  1893-1895. 
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DEGREES   AND   GRADUATE 
INSTRUCTION. 


Students  who  have  graduated  in  the  former  two  years 
course  of  the  school  with  the  degree  of  Bachelor  of  Science, 
may  obtain  the  degree  of  Mining  Engineer,  by  returning 
to  the  school  and  completing  the  course  given  at  the  time 
of  such  return;  or  else  they  may  receive  it  upon  applica- 
tion to  the  Board  of  Control  and  Faculty,  and  upon 
presentation  of  satisfactory  evidence  of  five  years1  suc- 
cessful practical  work,  and  of  a  suitable  thesis  in  some 
line  co-ordinate  with  their  course  of  study  in  this  school. 

The  thesis  must  be  an  original  investigation  undertaken 
in  Mining,  Mechanical  or  Electrical  Engineering,  Chem- 
istry, Metallurgy,  Petrography,  Geology,  or  in  some  allied 
subject  that  shall  belong  within  the  objects  of  this  institu- 
tion; and  it  must  be  approved  by  the  Faculty. 

Students  who  complete  the  old  course  of  three  years,  and 
present  a  satisfactory  thesis,  will  receive  the  degree  of 
Mining  Engineer,  or  Engineer  of  Mines  (E.  M.).  The 
thesis  must  conform  to  the  requirements  given  above  and 
must  be  completed  and  approved  by  the  Faculty  bofore 
that  body  will  recommend  that  the  Degree  of  Mining  En- 
gineer, or  Engineer  of  Mines,  be  conferred  upon  the 
student. 

Students  who  complete  the  new  three  years  course  and 
graduate,  will  have  conferred  upon  them  the  degree  of 
Bachelor  of  Science. 

Students  who  complete  the  four  years  course  and  present 
a  satisfactory  thesis  will  receive  the  degree  of  Mining 
Engineer. 

Students  who  are  graduates  of  this,  or  of  other  institu- 
tions of  high  grade,  will  be  admitted  as  special  students  to 
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take  any  study  taught  in  this  school,  or  to  take  special 
graduate  instruction. 

Those  who  wish  to  become  candidates  for  a  higher  de- 
gree will  enter  under  the  following  conditions: 

Students  who  are  graduates  of  this  institution,  or  of 
others  of  similar  grade,  whose  course  shall  be  approved 
by  the  Faculty,  will  be  admitted  as  candidates  for  the  de- 
gree of  Doctor  of  Philosophy.  In  order  to  attain  this 
degree  they  must  pursue  for  at  least  two  years  an  advanced 
course  of  study  in  subjects  germane  to  the  undergraduate 
course  in  this  institution,  which  course  of  study  is  to  be 
approved  by  the  Faculty. 

One  of  the  years  of  study  may,  in  special  cases,  be  spent 
elsewhere,  and  the  work  accepted,  on  sufficient  proof  of 
its  thoroughness  and  high  character,  as  the  equivalent  of 
one  year's  work  spent  here.  But  under  no  condition  will 
the  degree  be  given,  unless  one  year  at  least  is  spent  as  a 
resident  worker  at  this  institution. 

Students  who  are  graduates  both  of  this,  or  of  an  equiva- 
lent professional  school,  and  also  of  some  college  or 
university  whose  course  of  study  is  accepted  by  the  Facul- 
ty, may  be  admitted  to  the  degree  of  Doctor  of  Philosophy, 
after  having  taken  for  at  least  one  year  an  approved 
course  of  study  at  this  institution. 

The  degree  of  Doctor  of  Philosophy  will  bo  given  only 
in  case  the  student  shall  have  shown  marked  ability  and 
power  for  original  investigation,  shall  have  passed  a  satis- 
factory oral  public  examination,  and  presented  a  thesis, 
embodying  the  result  of  original  investigation,  that  shall  be 
approved  by  the  Faculty. 

Students  who  are  graduates  of  this  or  of  other  institu- 
tions having  a  satisfactory  equivalent  course,  and  who 
shall  have  pursued  here,  according  to  the  above  regulations, 
a  successful  course  of  study  for  the  degree  of  Doctor  of 
Philosophy,  may  at  the  same  time  receive  the  degree  of 
Mining  Engineer,  if  said  degree  has  not  been  conferred  at 
their  previous  graduation. 
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GRADUATES,    1888. 


NAME.  RB8IDKNCK  AND  CK*CUr AT IOK, 

Harris.  John  Luther,  S.  B Quincy. 

Mining  Engineer,  Quincy  Mine. 

Longyear,  Edmund  Joseph.  S.B.Hibbing,  Minnesota, 

Superintendent  of  the  Loiigyr&r 
and  Bennett  Explorations. 

Pa un all,  Samuel  Alexander,  S.  B. 

Ishpeniing. 
In  charge  of  Install  Elec- 

tric Haulage  Plant.  Cleveland 
and  Iron  Cliffs  Mining  Cum* 
pany. 

Parnall,  William  Edward,  S.B..  Ishpeniing. 

Electrical  Engineer*  riovHuml 
and  Iron  Cliffs  Mining  Com- 
pany. 

Keid,  William  Joseph,  S.  B Romeo. 


Seager,  James  Benjamin,  S.  B. ..Hancock. 

Superintendent  of  thr  Lake 
Superior  Redstone  Company. 

Uren,  William  John,  S.  B Hancock. 

Civil  Engineer,  Mineral  Range 
and  Hancock  and  Calumet 
Railroads,  and  County  Purvey- 
or, Houghton  County. 


1! 
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GRADUATES,    1889. 


NAMK.  RESIDENCE  AND  OCCUPATION. 

Croze,  Walter  Wilfred  Joseph,  S.B. 

Houghton. 

Mining  Engineer. 

Farwbll,  Paul,  S.  B Denver,  Colo. 

Chemist. 

*Fksing,  Herman  William,  SB.  .Crystal  Falls. 

Civil  and  Mining  Engineer. 

*Haab,  Jacob,  S.  B Marcus,  Washington. 

Mining  Engineer,  Skylark  Mine. 

IToathon,  John,  S.  B Butte  City,  Moutana. 

Mining     Engineer.    Butte     and 
Boston  Mining  Company. 

PryoHj  Reginald  Ch apple Houghton. 

'  Civil  and  Mining  Engineer. 
*  Bee  Gnu  I  nates  of  1800  for  the  second  degree. 
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GRADUATES,    1890. 


NAME.  RESIDENCE  AND  OCCUPATION. 

Daniell,  Joshua,  S.  B Great  Falls,  Montana. 

Blast  Furnace  Foreman,  Boston 
and  Montana  Consolidated 
Copper  and  Silver  Mining  Com- 
pany. 

Dkake,  Frank,  S.  B Boston. 

Metallurgy  and  Ore  Dressing. 
Mass.  Institute  of  Technology. 

Fesing,  Herman  William,  S.B.,  E.M. 

Crystal  Falls. 

Civil  and  Mining  Engineer. 

Haas,  Jacob,  S.  B.,  E.  M Marcus,  Washington. 

Mining  Engineer  Skylark  Mines. 

Hodgson,  William  Adams,  S.  B. . .  Hough  ton. 

Thomson  and  Hodgson  Company, 
Stephens,  Ark. 

Sutton,  Linton  Beach,  S.  B Gould,  Mont. 

Mining  Engineer.  Tremont  Gold 
Mining  and  Milling  Company. 

Wakefield,Arthur  Albert,  S.B.  Velardena,  Durango,  Mexico. 

Mining  Engineer. 


"*-JJ»tf.  *m 
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OFFICERS  OF  THE  YOUNG  MEN'S  CHRISTIAN 
ASSOCIATION. 

President William  Wraith. 

Vice-President Bamlet  Kent. 

Treasurer Milton  Watson  Coleman. 

Recording  Secretary Elmkk  Whipple  Durfee. 

Correspond intf  Secretary John  Forrest  Okr. 


CLASS  OFFICERS. 


CLASS  OF  1894. 

President Frederick  Peck  Burrall. 

Vice-President Carlton  Franklin  Moork. 

Secretary  and  Treasurer. .  .John  George  Kirchen. 

CLASS  OF  1805. 

President Love  Dockery. 

Vice-President Robert  Selden  Rose. 

Secretary Milton  Watson  Coleman. 

(  William  Wearne. 
Business  Committee. .  ■]  Milton  Watson  Coleman. 

(  Carl  Raymond  Davis. 


FRESHMAN  CLA8S. 

President Willi ard  Joseph  Smith. 

Vice-President William  Irving  Aldrich. 

Secretary Elton  Willard  Walker. 


v   ■"■^ 
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OFFICERS  OF  THE  ATHLETIC  ASSOCIATION. 

President Carl  Raymond  Davis. 

Vice-President Henry  Hoffman  Holbert. 

Secretary  and  Treasurer... Elton  Willard  Walker. 


HOLDERS  OF  SCHOLARSHIPS. 


the  norrie  scholarship. 
1893-1894 Robert  Murray,  Jr. 

the  wright  scholarship. 
IS93-1894 John  Alexander  Knight. 


OFFICERS  OF  THE  ALUMNI  ASSOCIATION. 

President William  John  Uren,  '88. 

Vice-President John  Luther  Harris,  '88. 

Secretary  and  Treasurer, 

Walter  Wilfred  Joseph  Croze,  '89. 
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COLLECTIONS. 


For  purposes  of  illustration  and  study,  a  number  of 
collections  have  l>een  provided  for  the  use  of  the  students. 

Crystal  Models 2,304 

Natural  Crystals 1,800 

General  Mineral  Collection 27,310 

Emerson  Collection  of  Minerals 550 

Exhibition  Collection  of  Minerals 1,000 

Collection  of  Thin  Sections 3,.r)00 

General  Rock  Collections 11,575 

Stratigraphical  and  Illustrative  Collections. .  500 

Collection  of  Economic  Geology 1,000 

Zoological  Collection 1,000 

Paleontological  Collections. 2,600 

53,139 

Besides  the  above,  there  are  collections  of  paleontological 
charts,  metallurgical,  geological,  and  petrographical  dia- 
grams, geological  models,  maps,  etc. 

Collections  of  slags,  metallurgical  products,  materials 
for  illustration  in  economic  geology,  as  well  as  some  exhi- 
bition collections,  have  been  commenced,  and  all  persons 
who  can  are  urged  to  contribute  to  the  school  collections 
of  minerals,  rocks,  veinstones,  ores,  slags,  metallurgical 
products,  samples  of  building  stones,  machinery,  tools, 
etc.,  and  models,  photographs  and  prints  of  the  same,  etc 

In  the  case  of  the  mineral  products  used  in  arts  and 
manufactures,  it  is  desired  to  procure  specimens  showing 
the  various  stages  in  the  process  of  manufacture.  It  is 
especially  important  for  the  School  to  receive  and  pre- 
serve sets  of  cores  from  drill  holes,  samples  of  ores  from 
every  mine,  with  specimens  of  the  associated  gangue  min- 
erals and  rocks,  as  well  as  of  the  walls  and  associated 
country  rocks. 
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The  Library  of  the  School  contains  at  present  HUM 
volumes,  besides  numerous  pamphlets;  and  additions  are 
constantly  made  to  it.  It  is  proposed  to  have  not  only 
a  good  reference  library  for  student  work,  but  also  one 
thai  shall  be  as  complete  as  possible  upon  the  subjects 
taught  in  the  school.  It  is  especially  desired  to  have  a 
full  set  of  all  reports  and  works  relating  to  the  mining 
and  other  mineral  industries  of  the  districts  bordering  on 
Lake  Superior.  The  library  is  now  valuable  for  reference, 
both  for  practical  and  scientific  men;  and  it  is  freely  open 
to  all  who  desire  to  consult  it. 

In  addition  to  the  school  library,  the  scientific  library 
of  the  Director  is  deposited  in  the  school  building,  and 
can  be  used  by  students  and  others.  This  library  is 
especially  devoted  to  Crystallography,  Mineralogy,  Petro- 
graphy and  General  and  Economic  Geology. 

Contributions  of  pamphlets,  papers,  maps  and  books, 
on  subjects  germane  to  those  taught  in  this  institution,  are 
solicited  for  the  Mining  School  Library.  Plans,  drawings 
and  engravings,  relating  to  mines,  mining  machinery,  and 
metallurgy,  are  desired. 

It  is  hoped  to  make  the  Library  very  full  in  files  of  i in- 
different journals  published  throughout  the  country, 
especially  in  the  mining  regions;  contributions  of  present 
and  past  numbers  of  such  journals  are  solicited  for  I  he 
library,  to  aid  in  making  it  a  complete  depository  of  lit- 
erature relating  to  the  progress  and  industries  of  Hie 
country,  as  well  as  of  the  Lake  Superior  region. 
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READING    ROOM. 


Connected  with  the  Library  is  a  Reading  Room,'  which 
is  well  supplied  with  scientific  periodicals,  technical  jour- 
nals, and  the  transactions  and  proceedings  of  scientific 
societies.  The  importance  of  periodical  literature  as  a 
means  of  bringing  before  the  student  the  results  of  scien- 
tific investigations  is  fully  realized,  and  the  collection  is 
made  as  complete  as  possible  for  this  reason.  Below  is 
given  a  full  list  of  the  journals  on  file,  numbering  in  all 
two  hundred  and  nine. 

Contributions  of  journals  for  the  Reading  Room  arc 
earnestly  solicited  from  publishers  throughout  the  State 
and  country. 

*  Alpena  Pioneer,  Alpena. 

American  Chemical  Journal,  Baltimore. 

American  Engineer  and  Railroad  Journal,  New  York, 
t  American  Geologist,  Minneapolis. 

American  Journal  of  Mathematics,  Baltimore, 
t  American  Journal  of  Science,  New  Haven. 

American  Machinist,  New  York, 
t  American  Naturalist,  Philadelphia. 

*  American  School  Commissioner,  Saginaw. 

Annalen  des  K.  K.  Naturhistorischen  Hof museums,  Wien. 
t  Annalen  der  Physik  und  Chemie,  Leipzig, 
f  Annalen  der  Physik  und  Chemie,  Beibliittcr,  Leipzig. 
fAnnalen    der    Physik    und    Chemie    (Electrotechnischc 
Bibliographic),  Leipzig. 

Annalen  de  Chimie  et  de  Physique,  Paris, 
t  Annalos  de  la  Societci  Geologique  de  Belgique,  Liege. 

•Gift  of  Publishers. 

+A  complete  set  of  this  Publication  is  In  the  Library. 
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t  Annates  dos  Mines,  Paris. 

Annates  des  Ponts  et  Chaussees,  Paris. 

Annates  des  Sciences  Geologiques,  Paris. 

Annals  of  the  New  York  Academy  of  Science,  New  York, 

Annals  of  Mathematics,  University  of  Virginia. 
*Ann  Arbor  Argus,  Ann  Arbor. 
*Arbctaren,  Cadillac. 
*Belleville  Enterprise,  Belleville. 
*Bellevue  Gazette,  Bcllevue. 

Berg-und  Hiittenmaennisches  Jahrbuch,  Vienna, 
t  Berg-und  Hiittenmaennisches  Zeitung,  Leipzig. 
fBerichtc  der  Deutschen  Chemischen  Gcsellschaft,  Berlin, 
*Boyne  Falls  News,  Boyne  Falls. 
*Brickmaker,  Chicago. 
*Brick  Roadways,  Chicago. 
*Bronson  Journal,  Bronson. 
*Brown  City  Banner,  Brown  City. 

Builder,  London, 
t  Bulletin  of  the  Essex  Institute. 

t  Bulletin  of  the  Geological  Society  of  America,  Rochester, 
N.  Y. 

Bulletin   of   the  New1  York  Mathematical  Society,  New 
York, 
t  Bulletin  of  the  Philosophical  Society,  Washington. 

Bulletin  de  la  Societe  Chemique  de  Paris. 

Bulletin  de  la  Societe  Fraucaise  de  Mineralogie,  Paris, 

Bulletin  de  la  Societe  Geologique  de  France,  Pari*. 
*Calumet  Conglomerate,  Calumet. 
*Calumet  and  Red  Jacket. News,  Calumet. 
•Canadian  Mining  Review. 
*Capac  Journal,  Capac. 
*Cass  City  Enterprise,  Cass  City. 
fCassier's  Magazine,  New  York. 
*Century  Magazine,  New  York. 

Chemical  News  and  Journal  of  Physical  Science,  London, 

Chomiker  Zeitung,  Cothcn,  Germany. 
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tChemisehe  Industrie,  Berlin. 

Civilingenieur,  Leipzig. 

Colliery  Engineer,  Scranton,  Pennsylvania. 
tComptes  Rendus,  Hebdomadaires  des  Seances  de  P  Acad- 
emic des  Sciences,  Paris. 

Copper  Country  Evening  News,  Calumet. 
*Current,  Norway. 
*Daily  Mining  Journal,  Marquette. 
*Detroit  Free  Press,  Detroit. 
*Detroit  Journal,  Detroit. 
*Diamond  Drill,  Crystal  Falls. 
fDinglcr's  Polytechnisches  Journal,  Stuttgart. 

Electrical  Engineer,  New  York. 
tElectdcal  World,  New  York. 

Electrician,  London. 

Electrotechnischo  Zeitschrift,  Berlin. 

Engineer,  London, 
t Engineering,  London, 
t Engineering  Magazine,  Now  York. 

Engineering  Mechanics,  New  York, 
t Engineering  and  Mining  Journal,  Newr  York. 

Engineering  News  and  American  Railway  Journal,  New 
York. 
*Ely  Times,  Ely,  Minnesota. 
*Escanaba  Iron  Port,  Escanaba. 
*Evening  Journal,  Flint. 
*Evening  News,  Detroit. 

^Florence  Mining  News,  Florence,  Wisconsin. 
*Forum,  New  York. 

Genie  Civil,  Paris. 

Geographical  Journal,  London, 
t Geological  Magazine,  London. 
*Gogebic  Iron  Spirit,  Bessemer. 
*Good  Health,  Battle  Creek. 
*Grand  Traverse  Herald,  Grand  Traverse. 
*Harpcr's  Magazine,  Now  York. 
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*Harvard  University  Bulletin,  Cambridge,  Mass. 

*Imlay  City  Record,  Imlay  City. 

•Industries  and  Iron. 

*Ingham  County  Republican,  Leslie. 

Iron  Age,  New  York. 
*Iron  Ore,  Ishpeming. 
*Ironwood  News  Record,  Ironwood. 
*Ironwood  Times,  Ironwood. 

t  Jahres-Bericht  der  chemischen  Technologic,  Leipzig 
tJahresbericht  liber  die  Fortschrittc  der  Chemie,   Braun- 
schweig, Germany. 

Jahrbuch  fur  das  Berg-und  Hiittenwesen,  Freiberg. 
tJahrbuch       der       kaiserlich-koniglichen       geologise  hen 

Reichsanstalt,  Vienna. 
tJahrbuch     der     koniglich     preussischen     geologischen 

Landesanstalt  und  Bergakademie,  Berlin, 
t  Journal  of  Analytical  and  Applied  Chemistry,  Eastun,  Pa. 
t Journal   of   the   Association   of    Engineering    Societies, 

Chicago, 
t Journal  of  the  Chemical  Society,  London. 

Journal  of  Education,  Boston. 

Journal  of  the  Franklin  Institute,  Philadelphia, 
t  Journal  of  Geology,  Chicago. 

Journal  of  the  Iron  and  Steel  Institute,  London. 

Journal  fur  praktische  Chemistry,  Leipzig. 

Journal  of  the  Society  of  Arts,  London. 

Journal  of  the  Society  of  Chemical  Industry,  London, 

Justus  Liebig's  Annalen  der  Chemie,  Leipzig. 

Kritischer   Vierteljahresbericht    iiber   die   Berg- A    Hut- 
tenmannische  ufcd  verwandte  Literatur,  Freiberg, 

L'Anse  Sentinel,  L'Anse. 

Lapeer  Clarion,  Lapeer. 

Library  Journal,  New  York, 
t Library  Notes,  Boston,  Mass. 
*Literary  News,  New  York. 
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f  London,  Edinburgh  and  Dublin  Philosophical  Magazine 

and  Journal  of  Science,  London, 
Luruierc  Electriquc,  Paris* 

*  Lyons  Herald,  Lyons. 

'Manistique  Semi- Weekly  Pioneer,  Manbtique, 
Manufacturer  and  Builder,  New  York. 

*  Maple  Rapids  Dispatch,  Maple  Rapids. 
Mathematical  Magazine,  Washington. 
Mathematical  Visitor,  Washington. 

t Memoirs  of  the  American  Academy  of  Arte  and  Sciences, 

Boston. 
t  Memoirs  of  the   Boston    Society   of    Natural    History, 

Boston. 
*Menominee  Democrat,  Menominee. 
:>  M  i  eh  igan  Cop  |  >e  r  Jou  nut  I  f  1 1  aftctiok. 

Michigan  School  Moderator,  Lansing. 
^Michigan  State  Democrat,  Cadillac. 
*Milan  Leader,  Milan. 
Mineralogieal  Magazine  and  Journal  of  the  M  ineralogieal 

Society,  London. 
Mineralogische     und      pet.rograpbische     Mitthcihingetu 

Vienna, 
Mini  Jig  and   Scientific  Press,  San  Francisco. 
^Mining  and  Scientific  Review,  Denver. 

*  Native  Copper  Times,  Li  ike  Linden. 
f  Nature,  London, 

tNeues  Jahrbueh  fiir  Mincralogio,  Geologic  und  Pnhvon- 
tologie,  Stuttgart. 

*  Newaygo  County  Democrat,  Newaygo. 

*  North  American  Review,  New  York. 
^Northwest  Mining  Review,  Spokane,   Washington. 
*Oakland  County  Post,  Pontine. 

tOcsterrcichisehc   ZcUschrifL  fiir    Berg-und-Hiittcnwcseii* 

Vienna. 
♦Official  Gazette  of  the  U,S,  Patent  Office,  Washington. 
*Ontonagon  Herald,  Ontonagon. 
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*Ontonagon  Miner,  Ontonagon. 

*Owosso  Press,  Owosso. 

*Peninsular  Record,  Ishpeming. 

tPetermann's  Mittheilungen  aus  Justus  Perthes'  Geo^mph- 
isches  Anstalt,  Gotha. 

t Philosophical  Transactions  of  the  Royal  Society  of  Lon- 
don, London. 

*Physician  and  Surgeon,  Ann  Arbor. 

*Pick  and  Axe,  Bessemer. 

*Pontiac  Gazette,  Pontiac. 

t  Popular  Science  Monthly,  New  York. 

*Portage  Lake  Mining  Gazette,  Houghton. 

*Port  Huron  Weekly  Times,  Port  Huron. 
Power,  New  York. 

t Proceedings  of  the  Academy  of  Natural  Sciences,   Phila- 
delphia. 

tProceedings  of   the   American   Academy    of    Arts    jind 
Sciences,  Boston. 

tProceedings  of  the  American  Association  for  the  Advance- 
ment of  Science,  Salem,  Massachusetts. 

tProceedings  of  the  Boston  Society  of  Natural  History, 
Boston. 

tProceedings  of  the  Institution  of  Civil  Engineers,  London. 

t  Proceedings  of  the  Institution  of  Mechanical  Enginuuns 

London. 
Proceedings  of  the  Geologists'  Association,  London. 
Proceedings  of  the  London  Mathematical  Society. 
Proceedings  of    the   Royal    Geographical    Society    and 
Monthly  Record  of  Geography,  London. 

tProceedings  of  the  Royal  Society  of  London. 

t  Publishers'  Weekly,  New  York. 

tQuarterly  Journal  of  the  Geological  Society,  London, 
Quarterly  Journal  of  Pure  and  Applied   Mathematics, 
London. 

*Quincy  Herald,  Quincy. 
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Uteporl   of  tli*j   British   Association  for  the  Advancement 

of  Science,  London, 
•Review  of  Reviews,  Now  York. 
Revue    Univorsellc  des  Mines,  de  la  Metallurgie,  etc., 

Paris. 

*Sault  Ste.  Marie  News,  Sault  Ste.  Marie. 

*ScribnerV  Magazine,   New  York. 

*St.  Andrew's  Cross,  New  York. 

*St.  Clair  Republican,  St.  Clair. 

*St.  Johns  News,  St.  Johns. 

t School  of  Mines  Quarterly,  New  York. 

t  Science,  New  York. 
Scientific  American,  New  York. 

t  Scientific  American  Supplement,  New  York. 

tSitsfiungsliericMe   dor    kaiser  lichen   Akademie    der   Wis- 
Bensehaftcn,  Vienna. 

fSitzungshcrichte   der    koniglich-preussischen    Akademie 
flea?  Wisseiischaften  zu  Berlin. 

*Soo  Democrat,  Sault  Ste.  Marie. 
Stah  1  in  id  Eisen,  Diisseldorf. 

*State  Republican,  Lansing. 

*  t  Sto  ii  e ,  Ch  i  eago. 

tTechmkcr,  New  York. 

t Transact  ions  of  the  Academy  of  Science,  St.  Louis. 
Transactions  of  the  American  Institute  of  Electrical  En- 
gineers, New  York. 

*t Transactions  of  the  American  Institute  of  Mining  Engi- 
neers, New  York. 

transactions  of  the  American  Society  of  Civil  Engineers, 
New  York, 

^Transactions   of    the    American    Society   of    Mechanical 
Engine* ts.  New  York, 

f  Transact  ions  of  the  Connecticut  Academy  of  Arts  and 
Sciences,  New  Haven. 

^Transactions  of  the  Federated  Institute  of  Mining  Engi- 
neers, Newcastle- on-Tyne. 
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Transaction*  of  the  Maix&e>*er  Geological  Kvietv*  Man- 
chester. 

♦Transactions  of  the  Royal  Society  of  Canada,  Mont  rait* 

*Yaasar  Times.  Yassar. 

♦Yerhandlwigen  der  k.  k.  Geolo*ri>che«  Rrw4fc^m*=lai!t, 
Vienna. 

*  Workman,  Grand  Rapids. 

*Ypsilantian.  Yjisilanti. 

tZcitsehrif!  f  r  analytic-he  Cheniie*  Wiolvul 

tZeitsehriit  fur  anor<ranische  Cheum\  Leipzig. 

tZeitschrift  fiir  das  Ber«r.-Hiitten-und  Salinemresen*  Berlin* 

tZeitschrift  der  deutschen  geologisehen  GtwIWhafl, 
Berlin. 

tZeitschrift  fiirKrystalloeraphieund  Mineralise*  tjcipKii*. 

tZeitschrift  fiir  physikalischc  Chemie,  Leipzig. 

tZeitschrift  fiir  praktische  Geologic,  Berlin. 
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TEXT   BOOKS. 

1893-1894. 


FIR8T  TEAR. 

College  Algebra.— 1891.  G.  A.  Went  worth. 

Ginn  and  Company,  Boston. 
Plane  and  Spherical  Trigonometry. — 1893.   H.  N.  Wheeler. 

Ginn  and  Company,  Boston. 
Logarithmic  Tables.— 1892.  G.  W.  Jones. 

G.  W.  Jones,  Ithaca,  N.  Y. 
Analytic  Geometry. — 1887.  Last  Edition.  G.  A.  Went  worth. 

Ginn  and  Company,  Boston. 
Elementary  Treatise  on  Physics.— 1893.     14th  Edition. 

Ganot,  translated  by  Edmund  Atkinson. 
Wm.  Wood  and  Company,  New  York. 
Practical,  Plane  and  Solid  Geometry.     Last  Edition. 

Henry  Angel. 
William  Collins  and  Sons,  Glasgow. 
Manuscript  Notes  on  General  Chemistry. — 1893. 

George  A.  Koenig. 
Manuscript  Notes  on  Experimental  Chemistry.     1893. 

George  A.  Koenig. 
Descriptive  Mineralogy. — 1892.     Sixth  Edition. 

James  D.  Dana  and  Edward  S.  Dana. 
John  Wiley  and  Sons,  New  York. 
Theory  and  Practice  of  Surveying. — 1892.  Tenth  Edition. 

J.  B.  Johnson. 
John  Wiley  and  Sons,  New  York. 
Field  Engineering. — 1893.     Sixteenth  Edition. 

William  H.  Searle. 
John  Wiley  and  Sons,  New  York. 
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SECOND  TEAR. 

Elements  of  the  Calculus. — 1891.  James  M.  Taylor, 

Ginn  and  Company,  Boston. 

Mechanics  of  Engineering.  Irving  i\  Church. 

(Sixth  Edition  of  Statics  and  Dynamics.) 
Wiley  and  Sons,  New  York. 

Qualitative  Analysis.— 181)3.  Arthur  H.  Elliot. 

Arthur  H.  Elliot,  New  York. 

South  Kensington  Notes  on  Building  Construction.      iss\K 
Vol.  3.     Rivington,  London. 

Elements  of  Mechanism. — 1888.     Second  Edition. 

T.  M.  (uRHieve. 
Ixmgmans,  Green  and  Company,  London. 

Steel  and  Iron.— 1892.     Fifth  Edition. 

Wm.  Henry  Greenwood. 
Cassell  and  Company,  London. 

The   Determination   of    Rock-Forming    Minerals. — 1891, 
Second  Edition. 
Dr.  Eugene  Hussak,  Translated  by  Erastus  G,  Smith* 
John  Wiley  and  Sons,  New  York. 

Text  Book  of  Geology.— 1893.     Third  Edition. 

Archil  hi  Id  Guikie. 
Macmillan  and  Company,  New  York. 

Manuscript  Notes  in  Lithology.     1892—1893. 

M.  E.  Wadesworth. 
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THIRD  YEAR. 

Quantitative  Analysis.  Dr.  C.  Remigius  Fresenius. 

John  Wiley  and  Sons. 
Modern  American  Methods  of  Copper  Smelting. — 1892. 

Edward  D.  Peters. 
Scientific  Publishing  Company,  New  York. 
Metallurgy  of  Lead.— 1892.  H.  O.  Hofman. 

Scientific  Publishing  Company,  New  York. 
Manual  of  Assaying. — 1892.  Walter  Lee  Brown. 

E.  H.  Sargent  and  Company,  Chicago. 
Manual  of  Assaying. — 1889. 

Bodeman  and  Kerl,  translated  by  W.  Goodyear. 
John  Wiley  and  Sons,  New  York. 
Hydraidics. — 1890.  Mansfield  Merriman. 

John  Wiley  and  Sons,  New  York. 
Trusses  and  Arches.     Part  I.— 1892.     Third  Edition. 

Charles  E.  Greene. 
John  Wiley  and  Sons,  New  York. 
Electrical  Engineering. — 1891.  Slingo  and  Brooker. 

Longmans,  Green  and  Company,  London. 
The  Steam  Engine. —1893.  Fifth  Edition.   G. C.V.Holmes. 

Longmans,  Green  and  Company,  London. 
Mechanics  of  Materials. — 1893.     Second  Edition. 

Mansfield  Merriman. 
John  Wiley  and  Sons,  New  York. 
Elements  of  Geology.— 1892.     Third  Edition. 

Joseph  LeConte. 
D.  Appleton  and  Company,  New  York. 
The  Ore  Deposits  of  the  United  States.— 1893. 

James  F.  Kemp. 
Scientific  Publishing  Company,  New  York. 
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SAMPLE  EXAMINATION  QUESTIONS  FOR 

ADMISSION   TO   THE   MINING 

SCHOOL. 


ARITHMETIC. 

1.  (1).  Draw  a  line  a  decimeter  long  and  divide  it  into 

centimeters. 
(2).  What  is  the  fundamental  unit  of  length  in  the 
metric  system. 

2.  (1).  Describe  the  units  of  capacity  and  of  weight  in 

the  metric  system. 
(2).  Draw  a  cubic  centimeter;  a  cubic  decimeter. 

3.  (1).  Multiply  |  by  i  and  explain  the  process. 
(2).  Divide  &  by  £  and  explain  the  process. 

.  4.     Change  the  common  fractions  to  decimals  in  question 
3,  and  perform  the  operations  there  required. 

5.  (1).  B  lost  5  per  cent  by  selling  a  hektoliter  of  turpen- 

tine, which  cost  $15.  For  what  did  he  sell  it  a  liter? 
(2).  If  A  buys  copper  for  30  cents  per  kilogram,  and 
on  selling  it  makes  40  per  cent  on  the  cost,  after 
deducting  10  per  cent  from  his  asking  price,  what 
was  the  asking  price? 

6.  (1).  Having  sold  a  consignment  of  goods  on  3  per 

cent  commission,  the  agent  was  instructed  to  invest 
the  proceeds,  after  deducting  his  commission  of  3 
per  cent.  His  whole  commission  was  $265.  What 
amount  did  he  invest? 
(2).  If  copper  stock  pays  8  per  cent  on  the  par  value, 
•  at  what  price  must  it  be  purchased  to  pay  10  per 
cent  on  the  cost? 

7.  (1).  What  is  the  interest  of  $16,941.20  for  1  yr.  7  mo. 

and  28  days,  at  4f  per  cent? 
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(2).  What  sum  of  money,  invested  at  6£  per  cent,  will 
produce  $279,815.00  in  1  yr.  and  6  mo.  ? 
8.     (1).  A  ship's  chronometer,  set  at  Greenwich,  points  to 
5  h.  40  min.   20  sec.  p.  m.  when  the  sun  is  on  the 
meridian;  what  is  the  ship's  longitude? 
(2).  A  steamer  arrived  at  Halifax,  63°  36'  west  at  4  h. 
30  min.  p.  M. ;  the  fact  is  telegraphed  to  New  York 
without  loss  of  time.    The  longitude  of  New  York  l>e- 
ing  74°  1'  west,  what  is  the  time  of  the  receipt  of 
the  telegram  i 
9.     Extract  the  square  root  of  58.140625,  of  .0000316969. 
10.     Extract  the  cube  root  of  10460353203,  of  .000148877. 


ALGEBRA. 


1.  (a)  Multiply  ./+  a*  y—a'W  xif-\-  y*  by  ,r—  xy  -f  y2. 
(b)  Divide  y"-2by+b«  by  y\by2+Vy +  b\ 

2.  Resolve  into  its  factors  16x4— <#/y\  also  a6— 1%    also 

;/+,,y+y,  also  if+if-y  +  L 

8.     (a)  SinM>Hfy^^-]  +  ^/^Z^+^-f(^) 
(b)  Simplify  (£-<-  f+0  -  f^V  -W  1 

1        \/-y     S—<-y)     Kr-y     -ry-y1) 

4.  (a)  Multiply  x*-\- j-y~'+  y~2+  x 'y3  by  x*—y'. 

[-ill        f^-Vf  *"V*  "* 
(<*-)      "  J"*'  alflo  [-^-J    |^7-pJ 

5.  (a)  Extract  the  square  root  of  30  +  12  S~6.~ 

(I,)  Solve  9=* -*=*  +  *¥ -«¥-*,   and   explain 
the  transformations  necessary  for  the  solution. 
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(a)  Simplify  /  -y- /  -^-j/-^-, 

3  3 

(a)  Solve  ^+^  +  ^  =  0,  and  give  the  conditions  un- 
der which  the  roots  are  real  and  unequal,  real  and 
equals  and  imaginary;  also  when  are  they  equal 
numerically  with  opposite  signs. 

(b)  What  is  the  sum  of  the  two  roots  of  the  preced- 
ing equation  i     What  is  their  product '( 


8.  (a)  Solve  '  >-J  +  >  Jx+4  *  x+2  =0. 

(b)  Find  the  values  of  or  and  y  in  the  independent, 
simultaneous  equations  x  +  y=27  and  ir3+  y*=5103. 

9.  Find  the  6th  and  the  15th  terms  of  (x — y)25,  reducing 

the  numerical  results  to  their  prime  factors  and 
not  performing  the  multiplications. 

10.  (a)  Prove  that,  if  the  corresponding  items  of  two 
proportions  be  multiplied  together  or  divided  by 
each  other,  the  result,  in  either  case,  is  a  propor- 
tion. 

(b)  If  a:b=,r:y=z:(u   Prove   that  a:b=       - 


PLANE  GEOMETRY. 


Demonstrate  the  following  propositions: 

1.     The  sum  of  the  angles  of  any  plane  triangle  is  equal 
to  two  right  angles. 


K-'~ 


176  Michigan  Mining  School. 

2.  Show  that  each  angle  of  an  equiangular  pentagon 
is  |  of  a  right  angle. 

3.  In  the  same  or  in  equal  circles,  angles  at  the  center 
have  the  same  ratio  as  their  intercepted  arcs.  (Two 
cases.) 

4.  An  inscribed  angle  is  measured  by  one-half  the 
intercepted  arc.     (Three  cases.) 

5.  Two  triangles  are  similar  when  an  angle  of  the  one 
is  equal  to  an  angle  of  the  other,  and  the  sides  in- 
cluding these  angles  are  proportional. 

6.  When  a  line  is  divided  in  extreme  and  mean  ratio, 
the  greater  segment  is  one  side  of  a  regular  decagon 
inscribed  in  a  circle  whose  radius  is  the  given  line. 

7.  Similar  polygons  are  to  each  other  as  the  squares 
described  on  their  homologous  sides. 

8.  The  square  described  upon  the  hypothenusc  of  a 
right  triangle  is  equivalent  to  the  sum  of  the  squares 
described  upon  the  other  two  sides. 

9.  (Problem).  Given  the  perimeters  of  a  regular  in- 
scribed and  similar  circumscribed  polygon,  to  com- 
pute the  perimeters  of  regular  inscribed  and  circum- 
scribed polygons  of  double  the  number  of  sides. 

10.     (Problem).     To  compute  the  ratio  of  the  circum- 
ference of  a  circle  to  its  diameter. 


SOLID  AND  SPHERICAL  GEOMETRY. 

Demonstrate  the  following  propositions: 
L.     If  a  straight  line  is  perpendicular  to  each  of  two 

straight  lines  at  their  intersection,  it  is  perpendicular 

to  their  plane. 
2.     If  two  triedral  angles  have  the  three  face  angles  of 

the  one  equal,  respectively,  to  the  three  face  angles  of 

the  other,  the  corresponding  diedral  angles  are  equal. 
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3.  Two  triangular  pyramids  having  equivalent  bases  and 
equal  altitudes  are  equivalent. 

4.  The  frustum  of  a  triangular  pyramid  is  equivalent 
to  the  sum  of  three  pyramids  whose  common  altitude 
is  the  altitude  of  the  frustum,  and  whose  bases  are  the 
lower  base,  the  upper  base  and  a  mean  proportional 
between  the  bases  of  the  frustum. 

5.  In  two  polar  triangles,  each  angle  of  one  is  measured 
by  the  supplement  of  the  side  lying  opposite  to  it  in 
the  other. 

6.  The  sum  of  the  angles  of  a  spherical  triangle  is 
greater  than  two  and  less  than  six  right  angles. 

7.  The  area  of  a  spherical  triangle,  expressed  in  spheri- 
cal degrees,  is  numerically  equal  to  the  spherical  excess 
of  the  triangle. 

8.  The  area  of  a  zone  is  equal  to  the  product  of  its 
altitude  by  the  circumference  of  a  great  circle. 

9.  (Problem).  To  find  the  volume  of  a  spherical  seg- 
ment. 

10.  (Problem).  To  find  the  volume  of  that  part  of  a 
sphere  lying  outside  of  a  chord  revolved  parallel  to  its 
diameter  and  at  a  constant  distance  from  it. 


ELEMENTARY  PHYSICS. 

1.  (1).  Upon  what  property  do  most  of  the  character- 

istic properties  of  matter  depend. 
(2).  Name  three  general  and  five  characteristic  prop- 
erties of  matter. 

2.  (1).  Name  and  define  the  three  states  of  matter. 
(2).  Give  Newton's  laws  of  motion. 

3.  (1).  Define   work  and  energy;  give  the  formula  for 
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the  calculation  of  kinetic  energy  from  weight  and 
velocity. 
(2).  Give  the  laws  pf  freely  falling  bodies. 

4.  (1).  How  prove  that  the  atmosphere  has  weight? 
(2).  What  is  the  object  of  experiments  in  the  study 

of  physics'* 

5.  (1).  Diagram,   and    explain    the    operation    of   the 

hydrostatic  press. 
(2).  Define  specific  gravity  and  describe  the  experi- 
ments necessary  to  determine  the  specific  gravity 
of  an  irregular  solid.  If  the  specific  gravity  of 
copper  is  8.9  what  is  the  volume  in  cubic  centi- 
meters, of  a  mass  of  this  metal  which  weighs  3.2 
kilograms? 

6.  (1).  What  is  the  mechanical  equivalent  of  heat?    To 

what  is  the  heat  of  a  body  due?  Do  the  atoms 
or  the  molecules  of  a  body  set  either  themselves 
or  one  another  in  motion  ? 
(2).  Give  your  idea  of  force.  What  is  sound?  What 
are  the  properties  of  a  musical  note?  Diagram 
and  explain  the  phonograph  and  the  telephone. 

7.  (1).  Explain   the  ways  in  which  heat  may  be  trans- 

mitted. Give  some  of  its  principal  sources  and 
effects.  Change  — 40u  F.,  to  C.  Upon  what  does 
the  boiling  point  depend? 
(2).  Define  light.  What  constitutes  the  difference 
between  light  and  heat?  Between  the  different 
colors?  What  is  the  velocity  of  light?  Of  sound 
in  the  air,  at  the  temperature  (K>  C? 

8.  (1).  Give  the  laws  of  magnets.      Give  the  laws  of 

currents  of  electricity.  Explain  Ampere's  theory 
of  the  magnet.  How  may  magnets  be  made? 
(2).  Describe  the  experiments  and  the  results  obtained 
by  the  use  of  a  galvanometer,  a  primary  coil,  a 
secondary  coil,  a  battery  and  a  magnet.  Tabulate 
the  results. 
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9.    (1)  Give  Ohm's  law.      Define  ohm,   volt,   ampfere. 
Draw  diagrams  showing  how  to  connect  cells  in 
series  and  in  multiple  arc  or  abreast.     If  a  Bunsen 
cell  has  an  electromotive  force  of  1.8  volts  and  in- 
ternal resistance  of  .9  ohm,  show  how  to  connect 
ten   such  cells  to  get  the  greatest  current,   the 
external  resistance  being  100  ohms. 
(2).  Give  some  of  the  principal  uses  of  electric  cur- 
rents. 
10.    (1).  What  constitutes  the  difference  between  the  oper- 
ation of  a  dynamo  and  that  of  an  electro-motor  ( 
(2)  In  charging  a  storage  battery,  what  is  stored  up 
in  it?      What  is  meant  by   "the  conservation  of 
energy"  ? 


ASTRONOMY. 


1.  What  is  the  general  structure  of  the  Solar  System, 
and  what  is  the  physical  constitution  of  the  sun  and 
its  surroundings? 

2.  What  are  the  physical  constitution  and  special  char- 
acteristics of  the  inner  group  of  planets,  including  the 
moon? 

3.  What  are  the  physical  constitution  and  characteristics 
of  the  outer  group  of  planets? 

4.  What  are  the  aspects,  forms  and  physical  constitu- 
tion of  the  comets,  meteors  and  shooting  stars? 

5.  What  are  nebulae;  new,  variable  and  double  stars, 
and  upon  what  evidences  are  the  views  concerning 
them  based? 

6.  How  are  stars  located  in  the  heavens?  What  are  the 
declination,  right  ascension,  hour  angle,  latitude, 
longitude;  and  what  are  the  six  parts  of  the  Polar 
triangle? 
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7.  Describe  the  four  kinds  of  time  and  give  the  maxi- 
mum variations  between  them.  How  is  the  longitude 
of  a  place  determined  i 

8.  What  is  the  general  structure  of  the  universe? 

9.  State  clearly  the  Nebular  Hypothesis,  and  give  the 
evidence  upon  which  it  is  based? 

10.     Give  the  general  phenomena  of  the  tides,  their  causes 
and  laws. 


BOOK-KEEPING. 


1.  Explain  the  use  of  day-book,  journal  and  ledger,  and 
state  the  rules  for  entering  transactions  in  them. 

2.  What  is  a  trial  balance,  and  what  is  the  process  of 
making  one  ? 

3.  Is  a  trial  balance  an  absolute  check?     State  reasons 
for  your  answer. 

4.  State  the  rules  for  crediting  and  debiting  bills  payable 
and  bills  receivable. 

In  addition  to  questions  of  the  above  character,  a 
record  of  supposed  transactions  is  given  to  the  candi- 
date to  enter  in  the  proper  manner  in  the  different 
books,  and  he  is  required  to  make  his  own  rulings. 
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BUILDINGS. 


Science  Hall,  or  the  main  building  now  occupied  by 
the  Mining  School,  was  completed  by  the  State  in  1889,  at 
a  cost  of  $75,000.  The  building  is  constructed  of  Portage 
Entry  sandstone,  with  a  tile  roof  (see  Frontispiece). 

The  larger  part  of  the  site  and  grounds  was  donated  to 
the  School  by  the  Honorable  Jay  A.  Hubbell,  to  whom  the 
establishment  of  the  School  is  chiefly  due.  The  building 
has  a  large  and  independent  supply  of  spring  water,  suffi- 
cient for  all  its  present  needs. 

The  main  building  is  109  feet  by  53  feet,  with  a  wing  37 
feet  by  25  feet.  The  interior  portion  of  the  building  has 
been  arranged  so  as  to  save  the  greatest  amount  of  space 
possible  for  the  laboratories  and  working  rooms,  consist- 
ent with  safety  to  the  structure  and  proper  light.  The 
halls  have  been  reduced  to  a  minimum.  The  plans  of  the 
four  floors  are  appended:  The  basement  floor  is  used  for 
a  Boiler  Room,  Weighing  Room,  Metal  and  Wood-Work- 
ing Shops  and  Assaying  Laboratory.  The  first  floor  con- 
tains the  Director's  Room,  Reading  Room,  Library,  and 
Laboratories  of  General  and  Economic  Geology,  Petro- 
graphy and  Mineralogy.  On  the  second  floor  are  situated 
the  Mathematical  and  other  Recitation  Rooms,  together 
with  the  Laboratories  for  Physics,  Drawing,  Surveying 
and  Mining  Engineering.  The  third  floor  is  devoted  to 
the  Chemical  Laboratories,  Chemical  Lecture  Room, 
Chemical  Supply  Room,  Balance  Room,  etc. 

Engineering  Hall  will  be  ready  for  occupancy  in 
August,  1894.  This  building  was  provided  for  by  the 
Legislature  of  1893,  and  it  will  contain  the  following 
rooms: 
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BASEMENT. 

Machine  shop 97x24  feet 

Engine  Room 34x17  feet 

Electrical  Laboratory 34x27  feet 

Lavatory 28x10  feet 

FIRST  FLOOR. 

Pattern  Shop 97x25  feet 

Lecture  Room 28x26  feet 

Professor's  Office 18x9    feet. 

Tool  Room 11x8    feet 

Lavatory 12x12  feet 

Paint   Shop 16x13  feet 

Model  Room 18x9    feet 

Storage  Battery  Room 15x11  feet 

SECOND   FLOOR. 

Drawing  Room 97x25  feet 

Blue  Print  Room 12x8    feet 

Lecture  Room 35x28  feet. 

Assistant's  Office 12x11  feet 

Office  of   Mining  Department 16x15  feet- 
Map   Room 15x12  feet 

Lavatory 11x11  feet 

An  annex  contains  a  Fuel  Room  16x34 feet,  and  a  Boiler 
Room  29x34  feet  In  the  latter  will  be  located  three 
boilers,  two  of  which  are  to  be  used  for  heating  purposes. 
To  enable  the  student  to  become  practically  familiar  with 
water  tube  boilers,  a  58  HP  Stirling  water  tube  boiler  will 
be  used  to  supply  steam  to  shop  and  laboratory  engine. 


Plan  of  Science  Hall. 
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Plan,  of  Science  Hall. 
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LOCATION 


The  School  is  located  in  the  village  of  Houghton  (Por- 
tage Township),  the  county  seat  of  Houghton  county. 
The  twin  villages  of  Houghton  and  Hancock  lie  in  the 
sheltered  valley  of  Portage  Lake,  an  arm  of  Lake  Superior. 
The  climate  is  bracing  and  healthful.  Although  Houghton 
is  in  a  high  latitude,  yet  one  is  far  less  inconvenienced  by 
the  cold  here  than  he  is  much  further  south  along  the  At- 
lantic coast,  or  in  the  immediate  vicinity  of  the  Great 
Lakes.  This  is  due  to  the  dryness  of  the  Houghton 
climate,  a  climate  which  is  free  from  any  malaria,  hay 
fever,  etc.  In  general,  students  coming  from  localities 
further  south  have  found  health  and  strength  improved  by 
the  change.  The  town  has  an  abundant  supply  of  pure 
spring  water.  Houghton  is  easily  reached  by  rail  from 
Detroit,  Chicago,  Milwaukee,  St.  Paul,  Superior  and  Du- 
luth;  and  by  steamer  from  all  the  important  ports  on  the 
chain  of  the  Great  Lakes.  Within  the  State,  half- fare 
rates  are  given  to  the  students  of  the  Mining  School  by  the 
Duluth,  South  Shore  &  Atlantic  Railway  and  its  associated 
railroads. 

In  answer  to  various  quest  ions  asked,  some  of  the  routes 
are  here  designated:  From  Detroit  one  travels  by  the 
Michigan  Central  Railway  to  Mackinaw  City,  via  Bay 
City.  At  Mackinaw  City  the  cars  of  the  Duluth,  South 
Shore  &  Atlantic  Railway  are  taken  direct  to  Houghton. 
Time  from  Detroit  about  twenty-four  hours.  From  Sault 
Ste.  Marie,  the  Duluth,  South  Shore  &  Atlantic  Railway 
carries  its  passengers  direct  to  Houghton,  time  about  thir- 
teen hours.  The  same  railway  is  taken  from  Duluth  and 
Superior  to  reach  the  Mining  School.     Passengers  from 
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Chicago  and  Milwaukee  take  either  the  Chicago,  Mil- 
waukee &  St.  Paul  Railway, via  Champion;  or  the  Chicago 
&  Northwestern  Railway,  via  Negaunee  and  Ishpeming;  at 
which  places,  on  both  routes,  the  passengers  transfer  to  the 
Duluth,  South  Shore  &  Atlantic  Railway  for  Houghton. 
Time  from  Chicago  to  Houghton,  about  seventeen  hours. 

Students  desiring  to  reach  Houghton  by  boat,  can  take 
steamers  of  the  Lake  Michigan  and  Lake  Superior  Trans- 
portation Company,  at  Chicago  or  Milwaukee,  taking 
about  three  days  from  Chicago.  From  Buffalo,  Cleveland 
and  Detroit,  one  can  take  the  steamers  of  The  Western 
Transit  Company,  and  The  Erie  and  Western  Transporta- 
tion Company.  Time  from  Buffalo  about  five  days,  Cleve- 
land four  days,  and  Detroit  three  days. 

Any  of  these  lines  can  be  taken  from  Duluth. 

Special  information,  descriptive  pamphlets,  time  tables 
and  rates  can  be  obtained  from  the  General  Pa&senger 
Agents  of  the  various  companies  by  writing  to  their  re- 
spective offices,  as  follows: 

Duluth,  South  Shore  &  Atlantic  Railway,  Marquette, 
Michigan. 

Michigan  Central  Railway,  Monadnock  Block,  Chicago, 
111. 

Chicago,  Milwaukee  &  St.  Paul  Railway,  Chicago,  111. 

Chicago  &  Northwestern  Railway,  Chicago,  111. 

The  Lake  Michigan  &  Lake  Superior  Transportation 
Co.,  Rush  and  North  Water  Streets,  Chicago,  111. 

The  Western  Transit  Co.,  No.  47  Main  Street,  Buffalo, 
N.  Y. 

The  Erie  &  Western  Transportation  Co. ,  Atlantic  Dock, 
Buffalo,  N.  Y. 


Houghton  County  is  the  third  wealthiest  county  in 
Michigan,  being  surpassed  only  by  Wayne  (Detroit)  and 
Kent  (Grand  Rapids)  Counties.  The  population  of  the 
county,  with  its  various  townships  and  villages,  is  here 
given  according  to  the  latest  returns. 
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The  official  census  returns  for  Houghton  County,  as  ap- 
proved by  the  Board  of  Supervisors,  are  as  follows: 

1890.  18&. 

Adams  Township 1,675 

Calumet  "  12,529  16,709 

Chassell  "  680  993 

Duncan  "  680  984 

Franklin  "  2,687  2,685 

Hancock  "  2,737  4,345 

Laird  "  159  231 

Osceola  "  3,630  4,712 

Portage  "  3,531  3,417 

Quincy  "  1,490  1,490 

Schoolcraft  "  3,325  3,908 

Torch  Lake  "  2,904  3,055 

Total 35,089        45,398 

35,089 

Increase  in  3  years 10,309 

The  population  of  the  villages  is  as  follows: 

IttM. 

Atlantic  Mine 1,675 

Calumet 2,192 

Chassell 554 

Crystal  Lake 55 

Gregoryville 320 

Hancock 1,662 

Houghton 2,178 

Kenton 113 

Kitchie 75 

Lake  Linden  2,443 

Mills' Station 794 

Osceola 1,514 

Oskar 171 

Perkinsville 520 

Quincy  Mill 151 

Quincy  Mine 1,490 

Red  Jacket 3,242 

Sidnaw 344 

Tamarack  and  North  Tamarack 1,402 

VVithey 184 
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The  accompanying  map  (facing  page  200)  will  give  a  fair 
idea  to  the  prospective  student  of  the  location  of  the 
Mining  School  and  the  adjacent  mines. 

While  the  School  it-self  is  situated  in  the  Portage  Lake 
copper  district,  the  access  to  the  Keweenawan  copjjer  dis- 
trict on  the  north  is  easy;  and  there  lie  within  compara- 
tively short  distances  the  Ontonagon  copper  district,  and 
the  iron  mining  regions  of  Marquette,  Menominee  and 
Gogebic. 

In  the  immediate  vicinity  of  the  Mining  School  arc 
located  the  Quincy,  Atlantic,  Franklin  and  Huron  copper 
mines;  while  within  a  distance  of  fifteen  miles  are  situated 
the  Calumet  and  Heela,  Tamarack,  Osceola  and  other 
copper  mines,  with  their  machine  shops,  smelting  works, 
rolling  and  stamp  mills,  etc.  In  the  iron  mining  region 
lie  numerous  great  mines,  prominent  among  which  are 
the  Cleveland,  Jackson,  Lake  Superior,  Lake  Angeline, 
Champion,  Republic,  Chapin,  Vulcan,  Cyclops,  Colby  and 
Norrie. 

In  addition  to  copper  and  iron,  among  the  mineral 
products  of  the  state  are  numbered  gold,  silver,  gypsum, 
building  stones,  slate,  coal,  salt,  etc. 

Some  idea  of  the  vastness  of  the  mining  operations  in 
the  Lake  Superior  district  in  Michigan  alone,  can  be 
gathered  from  the  following  statistics:  Its  copper  mines 
have  produced,  up  to  ISiX),  one  billion  seven  hundred  and 
sixty-four  million  five  hundred  and  twenty-six  thousand 
five  hundred  and  thirty-nine  pounds  of  copper.  One  mine 
alone  has  paid  over  forty  millions  of  dollars  in  dividends. 

In  the  iron  mining  districts  about  Lake  Superior,  in 
Michigan,  there  were  produced  in  1892  seven  million  five 
hundred  and  forty-three  thousand  five  hundred  and  forty- 
four  tons  of  iron  ore,  or  nearly  one-half  of  all  the  iron  ore 
produced  in  the  United  States. 

The  Michigan  iron  mines  have  produced  since  their  dis- 
covery over  sixty-eight  million  tons  of  iron  ore. 
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Michigan  is  credited  with  producing,  in  1892,  gold  and 
silver  amounting  to  one  hundred  and  forty -five  thousand 
dollars. 

The  State  of  Michigan  is  also  the  chief  producer  of 
gypsum  in  the  United  States;  and  in  its  salt  production  is 
second  to  New  York  only.  It  produced  in  1892  one  hun- 
dred and  thirty-nine  thousand  five  hundred  and  fifty -seven 
tons  of  gypsum;  and  during  the  same  year,  three  million 
eight  hundred  and  twelve  thousand  and  fifty-four  barrels 
of  salt.  Its  coal  product  was  in  1893,  one  hundred  and 
four  thousand  six  hundred  and  twenty  tons. 

The  Michigan  Mining  School  has  been  located  in  the 
Upper  Peninsula  of  Michigan  for  the  same  reason  that  a 
medical  school  should  be  in  the  vicinity  of  large  hospitals, 
in  order  that  it  should  be  associated  with  the  objects  about 
which  it  treats. 

From  this  location  the  student  of  the  Michigan  Mining 
School  is  placed  in  a  mining  atmosphere,  in  which  all  his 
surroundings  and  associations  are  in  conformity  with  his 
present  and  future  work.  Ho  is  thus  enabled  to  see  in 
actual  operation  some  of  the  most  successful  and  extensive 
mining  operations  now  conducted  anywhere. 


Some  little  idea  of  the  work  of  a  few  of  the  numerous 
mines  of  the  Lake  Superior  district  can  be  gathered  from 
the  following  statements.  That  for  the  Calumet  and  Hecla 
is  taken  from  a  report  published  in  1893,  while  for  the 
others,  the  information  is  taken  from  personal  letter s  si-nt 
to  the  Director  of  the  Mining  School,  by  the  agmls  Otf 
other  officers  of  the  mines: 

Calumet  and  Hecla  Mining  Company. 

"Beginning  on  the  shore  of  Lake  Superior,  we  have  there  tbfl 
Lake  Superior  Water  Works,  Pump  House,  and  Boiler  Hoimo, 
containing  one   Worthington  high  pressure  compound  Quotient- 
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ing  pump  with  cylinders  of  19i  inches  and  33|  by  24  inches,  and 
plungers  9  by  24  inches.  Two  spare  Worthington  pumps  with 
cylinders  10  by  18  inches,  and  two  boilers  64  inches  diameter  by 
17  feet  long,  of  300  horse  power,  and  one  locomotive  boiler  54 
inches  diameter,  of  100  horse  power.  When  fully  equipped,  the 
capacity  of  these  works  will  be  2,000,000  gallons  a  day.  The 
water  is  taken  from  a  pipe  18  inches  in  diameter,  and  extending 
1200  feet  into  Lake  Superior.  It  is  pumped  through  a  12-inch 
wrought-iron  pipe  line  4i  miles  in  length,  to  an  altitude  of  more 
than  700  feet,  to  the  mine,  where  it  is  distributed  over  the  whole 
location.      »     »     »     » 

"The  real  estate  of  the  Company  consists  of  2599  ftj  acres  of 
mineral  land  in  Houghton  County,  and  20,352  fj&  acres  of  timber 
lands  in  Keweenaw,  Houghton,  and  Ontonagon  Counties.  At 
the  Stamp  Mill  there  are  988  ^  acres. 

4 'There  are  698  houses  belonging  to  the  Company,  of  which  570 
are  on  the  mine  location,  106  at  the  lake,  and  22  at  the  Smelting 
Works.  On  leased  lots,  our  men  own  782  houses  at  the  mine,  and 
159  at  the  lake. 

"There  are  20  churches  on  the  property  of  the  Company,  the 
greater  number  of  which  have  been  materially  assisted  by  the 
Company  at  some  time  in  their  history. 

* 'There  are,  on  land  of  the  Company,  six  schools  at  the  mine 
and  lake,  built  partly  at  the  cost  of  the  Company  and  partly  by 
the  school  district.    The  Company  also  owns  a  hotel. 

"There  are  at  the  mine,  for  cutting  sets  of  timber  used  under- 
ground, a  timber  building,  a  large  machine  shop  225  by  250  feet, 
with  a  full  complement  of  tools.  We  have  also  at  the  mine 
three  blacksmith's  shops,  two  warehouses,  »  »  •  two 
carpenter  shops,  and  a  paint  shop.      *     *     *     * 

"The  Calumet  Engine  House  is  a  building  of  brick  and  stone, 
146  by  62  feet.  It  contains:  the  compound  engine  'Superior', 
with  cylinders  of  40  inches,  and  70  by  72  inch  stroke,  of  4700 
horse  power;  the  Corliss  engine  'Rockland',  used  as  a  spare,  of 
600  horse  power;  the  Leavitt  engine  'Baraga',  40  by  60  inches, 
also  a  spare,  of  2000  horse  power;  one  pair  32  by  48  inch  Rand 
Compressors, with  a  capacity  of  26  air  drills;  and  one  pair  36  by  60 
inch  Rand  Compressors,  with  a  capacity  of  41  air  drills.  There 
are  four  drums  20  feet  6£  inches  in  diameter  by  8  feet  4  inches 
face,  to  hoist  from  a  depth  of  4000  feet  from  shafts  Nos.  2,  4  aud 
6  Calumet,  and  No.  3  Hecla.  By  winding  over  and  not  increas- 
ing the  load  we  may  reach  6000  feet. 

"The  Boiler  House  is  of  stone  77  by  60  feet.    It  contains  five 
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boilers,  two  of  84  inches  in  diameter  by  35  feet  long,  made  by 
Kendall  and  Roberts;  three  of  90  inches  diameter  by  34  feet  61 
inches  long,  made  by  the  Dickson  Manufacturing  Company,  the 
Southwark  Foundry,  and  the  I.  P.  Morris  Company;  total  horse 
power,  2780.    The  stack  is  5  feet  6  inches  bore,  and  150  feet  high. 

"The  Hecla  Engine  House  is  a  brick  building  80  by  47  feet, 
with  an  ell  44  by  17  feet  5  inches,  and  contains  the  compound 
engine  *Frontenac\  271  and  48  by  72  inches,  of  2000  horse  power; 
the  Corliss  engine  4La  Salle',  30  by  72  inches,  used  as  a  spare,  of 
900  horse  power;  and  the  Corliss  engine  Terrot',  30  by  48  inches, 
also  a  spare  engine,  of  600  horse  power;  in  addition,  the  two  pair 
of  compressors,  water  plunger  type,  42  by  60  inches,  with  a  capac- 
ity of  144  air  drills,  72  drills  for  each  set;  one  pair  of  Rand  Com- 
pressors, 28  by  48  inches,  of  a  capacity  of  31  air  drills. 

"The  Boiler  House  is  of  brick,  80  by  58  feet,  and  contains  three 
boilers  made  by  Kendall  and  Roberts,  84  inches  by  32  feet  lOf 
inches,  and  two  boilers  made  by  the  Dickson  Manufacturing  Co., 
90  inches  by  34  feet  4  inches,  with  a  total  of  1690  horse  power. 
The  brick  stack  is  4  feet  6  inches  in  diameter  and  120  feet  high. 

i4On  the  Hecla,  another  Hoisting  Engine  and  Boiler  House 
contains  the  triple  expansion  hoisting  engines  *Gratiot\ 
'Houghton',  and  \Seneca',  of  2000  horse  power  each,  having 
cylinders  18  and  271  inches,  and  48  by  90  inches,  fitted  with 
conical  hoisting  drums  to  reach  a  depth  of  5500  feet.  The  en- 
gine house  is  of  stone,  112  by  78  feet.  The  boiler  house  of  the 
same  material,  is  76  by  68  feet.  There  are  five  boilers,  of  505  horse 
power  each,  90  inches  in  diameter  by  34  feet  6  inches  long,  built 
by  the  Dickson  Manufacturing  Company,  of  Scran  ton,  Penn., 
and  the  I.  P.  Morris  Co.,  of  Philadelphia,  Penn.  The  brick 
stack  is  9  feet  4  inches  in  diameter,  and  200  feet  high.      #     # 

"The  Engine  nouse  for  Hecla  shafts  Nos.  7  and  8  contains  the 
triple-expansion  engines  'Hancock'  and  'Pewabic',  each  of  2000 
horse  power;  each  operating  by  spur  gearing  its  own  drum, 
which  is  25  feet  in  diameter  by  8  feet  2  J  inches  face,  having  a 
rope  capacity  of  5500  feet,  of  If  inch  diameter.  The  cylinders 
are  20i  and  31f  inches  and  50  by  48  inches.  The  maximum  speed 
is  92  revolutions  per  minute,  which  is  3|  revolutions  to  one  of 
the  drums.  The  house  is  122  feet  long,  and  50  feet  wide;  it  is 
built  of  stone. 

"The  Boiler  House  will  eventually  hold  ten  boilers;  it  now 
contains  three.  They  are  90  inches  in  diameter  by  34  feet  6 
inches  long,  and  505  horse  power  each.  The  house  is  150  feet 
long  and  65  feet  wide.  The  stack  is  12  feet  6  inches  inside 
diameter,  and. 250  feet  high. 


194  Michigan  Mining  School.  ' 

t4Shafts  Nos.  9  and  10  Hecla,  are  operated  from  a  Hoisting  En- 
gine House  built  of  stone,  75  by  46  feet.  It  contains  two  com- 
pound hoisting-engines,  the  'Detroit'  and  4Onota\  of  1000 
horse  power  combined,  having  cylinders  18  and  32  by  48  inches 
stroke,  built  by  George  II .  Corliss.  These  engines  drive  by  spur 
gearing  two  hoisting  drums,  formerly  located  at  the  Superior 
Engine  House,  each  20  feet  in  diameter  by  8  feet  4  inches  face,  and 
will  wind  4000  feet  of  H  inch  rope.  The  drums  make  one  revo- 
lution for  every  three  revolutions  of  the  engine. 

"In  the  Hoisting  Engine  House  operating  shafts  Nos.  11  and 
12  Hecla,  there  is  a  pair  of  Woodruff  and  Reach  engines  built  in 
1809,  of  20  inches  diameter  by  48  inches  stroke,  with  two  drums 
of  8  feet  diameter  and  6  feet  face.  As  one  of  the  man-shaft  en- 
gines, we  use  a  vertical  engine  26  inches  in  diameter  by  36  inch 
stroke,  built  in  1807.        »       »       *       * 

"We  have  eight  new  shaft-rock  houses,  extending  from  Calumet 
No.  5  to  Hecla  No.  12,  a  total  length  on  the  surface  of  9000  feet: 
the  copper  shute  having  in  all  a  length  of  something  over  two 
miles  underground,  say  10,030  feet.  There  are  eight  shaft-rock 
houses  at  Hecla  and  at  Calumet  shafts,  each  containing  a  West- 
inghouse  Driving  engine  of  00  horse  power,  and  two  'Blake' 
crushers;  each  rock  house  with  a  bin  capacity  of  about  1500 
tons.  Both  at  No.  5  Calumet  and  at  No  4  Hecla,  there  is  a  fan 
for  underground  ventilation;  these  are  30  feet  in  diameter,  wjth 
a  capacity  of  about  100,000  cubic  feet  per  minute.  There  arc 
man-hoist  buildings  at  Ave  of  the  Hecla  and  three  of  the  Calu- 
met shafts;  each  contains  a  pair  of  engines  and  a  drum,  used 
only  for  taking  men  up  and  down.  Twenty-eight  men  can  ride 
on  one  of  the  cars;  they  are  especially  constructed  for  that  use. 
Three  of  the  houses  contain  each  a  pair  of  20  by  30  inch  engines, 
with  drums  to  wind  4000  feet  of  H  inch  ropef  the  other  five,  one 
pair  of  engines  20  by  36  inches,  with  drums  to  wind  6000  feet  of 
U  inch  rope. 

"The  Electric  Light  and  Power  House  isbuiltofstone,74by  74 
feet;  it  contains  a  Porter-Allen  engine,  18  inches  in  diameter  by 
36  inch  stroke,  of  400  horse  power.  A  Westinghouse  compound 
engine  23  and  40  by  20  inches,  and  740  horse  power,  will  be  in- 
stalled in  this  house. 

"There  are  two  electric  light  dynamos  for  1000  sixteen  candle 
power  lights  each;  three  Brush  arc-light  dynamos  for  74  lights; 
five  Brush  generators  120  horse  power  each,  with  electric  lines 
leading  to  the  principal  buildings,  and  to  the  three  underground 
electric  pumps  at  the  Hecla  end.    Each  pump  has  three  double 


Location.  195 

acting  plungers  51  inches  in  diameter  by  18  inch  stroke,  to  run 
50  revolutions  per  minute.  At  the  Calumet  end  in  No.  4  shaft, 
there  are  to  be  tlve  electric  pumps,  each  with  three  double  act- 
ing plungers  5f  inches  in  diameter  by  18  ihch  stroke,  to  run  50 
revolutions  per  minute.  These  pumps  are  placed  800  feet  apart, 
having  a  vertical  lift  of  600  feet;  the  pump  column  is  8  inches  in 
diameter.  We  have  at  Calumet  Nos.  4  and  5  shafts  two  spare 
steam  Worthington  pumps,  with  cylinders  10  and  18  inches  by  18 
inches,  of  a  capacity  of  over  500,000  gallons  per  24  hours. 

"The  six-compartment  Red  Jacket  Vertical  Shaft  has  reached 
a  depth  of  3050  feet.  It  will  intersect  the  Calumet  lode  at  a 
depth  of  3300  feet,  and  will  reach  the  bottom  of  our  territory  at 
a  depth  of  5000  feet. 

"It  is  equipped  with  a  sinking-engine  house  of  stone,  69  by  36 
feet,  containing  a  pair  of  horizontal  tandem  Corliss  engines, 
with  cylinders  16  and  32  inches  in  diameter  by  48-inch  stroke, 
with  tail-rope  house,  and  has  the  Whiting  drum  system. 

"The  main  hoisting-engine  house,  built  of  stone,  220  by  70 
feet,  contains  two  pair  of  triple  expansion  engines,  of  8000  horse 
power  per  pair,  having  cylinders  20£,  31$,  and  50  inches  in  diame- 
ter by  72  inch  stroke,  to  run  60  revolutions  per  minute,  and  fitted 
with  the  Whiting  drum  system,  arranged  to  hoist  ten  tons  per 
load,  at  a  speed  of  60  feet  per  second.  The  tail  house  for  the 
fleet  gear  is  412  by  32  feet,  and  is  placed  on  the  north  end  of  the 
engine  house.  The  sheave  house  is  placed  at  the  south  end;  it 
is  43  by  32  feet.  These  engines  are  calculated  to  hoist  from  a 
maximum  vertical  depth  of  5000  feet. 

"The  Boiler  Ilouse  is  built  of  stone,  150  by  68  feet,  and  will  con- 
tain ten  boilers,  each  90  inches  in  diameter  by  34  feet  6  inches 
long,  and  adapted  to  a  working  pressure  of  185  pounds,  at  which 
they  will  each  furnish  steam  for  1000  horse  power.  There  are  at 
present  six  boilers  in  the  house.  The  stack  is  of  brick,  12J-  feet 
inside  diameter,  and  250  feet  high.      »     »     *     #     * 

"The  water  used  by  our  condensing  engine  is  supplied  from  the 
Calumet  Pond  Water  Works,  where  we  have  a  main  pond  of  a 
capacity  of  60,000,000  gallons,  at  five  feet  depth,  and  an  auxiliary 
pond  of  a  capacity  of  30,000,000  gallons,  at  2i  feet;  both  ponds 
are,  when  filled,  of  a  capacity  of  say  100,000,000  gallons. 

"The  Water  Works  Building  consists  of  an  engine  and  boiler 
house  of  brick,  100  by  45  feet;  it  contains  a  Leavitt  pumping  en- 
gine, of  a  capacity  of  5,000,000  gallons  per  day,  steam  cylinders 
lit  inches,  and  plungers  17  by  24  inches.  In  addition,  there  are 
two  Worthington  pumping-engines,  of  a  capacity  of  14,000,000 
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gallons  per  day;  one  pump  with  steam  cylinders  14  and  24  by  36 
inches,  and  20  by  86  inch  plungers,  of  a  capacity  of  4,000,000 
gallons;  and  two  others  with  steam  cylinders  21  and  42  by  36 
inches,  and  29  by  36  inch  plungers,  of  a  capacity  of  10,000,000  gal- 
lons. The  boiler  house  contains  three  boilers,  Kendall  & 
Roberts  make,  of  603  horse  power,  two  of  54  inches  by  26  feet 
10  inches;  and  one  of  84  inches  by  35  feet.  A  pipe-line  16  and 
24  inches  in  diameter,  runs  to  the  Superior  Engine  House,  and 
from  there  north  and  south  along  the  line  of  the  lode. 

"The  length  of  all  the  shafts  sunk  below  the  average  level  of 
the  stopes  is  over  two  miles,  and  the  length  of  all  the  drifts  run 
below  the  average  level  of  the  stopes  is  13^  miles.      *      *     *    • 

"At  Torch  Lake  are  located  the  Stamp  Mills,  the  Calumet 
Mill  containing  eleven  Leavitt  heads  with  steam  cylinders  of  14 
and  2H  by  24  inches  stroke,  with  a  complete  equipment  of 
washers,  Huntington  and  Ha»berle  grinding-mills,  and  slime 
tables. 

"As  spare  power,  we  have  a  Westinghouse  driving- engine  of  200 
horse  power.  At  the  Hecla  Stamp  Mill  we  have  made  an  ad- 
dition of  four  heads,  which  gives  us  there  now  eleven  Leavitt 
heads,  with  steam  cylinders  14  and  21£  by  24  inch  stroke,  and  an 
equipment  similar  to  that  of  the  Calumet  mill.  We  are  also 
preparing  to  place  solid  anvils  under  all  the  stamps. 

"The  Stamp  Mills  and  Water  Works  Boiler  House  contains 
eleven  boilers,  four  of  80  inches  diameter  by  32  feet  long,  and 
seven  of  90  inches  diameter  by  84  feet  6  inches  long,  made  by 
Kendall  &  Roberts,  the  Dickson  Manufacturing  Company,  the 
Southwark  Foundry,  and  the  1.  P.  Morris  Co.,  aggregating  4730 
horse  power,  commercial  standard. 

"The  three  boilers  now  running  the  pumping  house,  of  1515 
horse  power,  will  be  removed  to  the  main  stamp-mill  boiler 
house,  which  will  be  enlarged  to  accommodate  twenty-two 
boilers.     *     *     *     * 

"Torch  Lake  Water  Works,  which  supply  the  Stamp  Mills, 
consist  of  the  triple-expansion  pumping  engine  'Michigan',  of  a 
capacity  of  60,000,000  gallons  daily,  with  the  following  engines  as 
spare  pumps:  The  compound  pumping  engine  'Erie1,  with  a 
capacity  of  10,000,000  gallons  daily;  the  compound  pumping  en- 
gine 'Ontario',  with  a  capacity  of  20,000,000  gallons  daily;  the 
geared  pumping  engine  'Huron',  with  a  capacity  of  20,000,000 
gallons  daily. 

"The  compound  driving  engine  'Wabeek',  22t  and  38  by  60  inch 
stroke,  of  728  horse  power,  operates  the  washing  machinery,  the 
stamp  steam- valve  gear,  and  the  sund  wheels,  by  means  of  wire 
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rope  transmission.  The  stamped  sand  is  distributed  by  four 
sand  wheels:  the  Calumet  40-foot  sand  wheel,  with  a  capacity  of 
18,000,000  gallons,  and  of  1,600  tons  of  sand;  the  Calumet  50-foot 
sand  wheel,  with  a  capacity  of  30,000,000  gallons  and  of  3,000  tons 
of  sand.  As  a  spare  engine  for  the  Calumet  wheel,  we  have  a 
high-pressure  engine  24  by  48  inch  stroke,  of  250  horse  power. 
The  Ilecla  40-  and  50-foot  sand  wheels  have  the  same  capacity  as 
the  Calumet  sand  wheels  of  the  same  dimensions.  The  spare 
engine  for  the  ITecla  wheels  is  a  duplicate  of  the  Calumet.    *    # 

"The  horse  power  of  the  boilers  at  the  mine,  commercial 
standard,  is  13,765;  the  horse  power  of  the  boilers  at  the  Lake 
Superior  Water  Works  is  400;  the  horse  power  of  the  boilers  at 
the  Stamp  Mills  is  6,235;  the  horse  power  of  the  boilers  now 
building  is  2,022;  and  the  total  horse  power,  commercial  stand- 
ard, is  22,422.  The  aggregate  horse  power  which  can  be  develop- 
ed by  the  engines  belonging  to  the  Company  is  40,000. 

"The  Smelting  Works  at  Torch  Lake  occupy  nearly  thirty 
acres;  they  are  connected  with  the  Stamp  Mills  by  a  short  line 
of  Railway,  over  which  our  mineral  trains  handle  the  daily  pro- 
duct, which  is  there  stored  in  the  mineral  houses. 

"The  plant  consists  of  four  stone  furnace  buildings  80  by  130 
feet  each,  with  four  furnaces,  boshes,  cranes,  and  all  the  ordinary 
equipment;  one  blister  furnace  building,  of  stone,  50  by  70  feet, 
with  two  furnaces;  one  cupola  building  containing  two  furnaces, 
with  the  necessary  engines,  blowers,  and  boilers;  machinists' and 
blacksmiths'  outfits,  electric  light  plant,  etc.  Mineral  building 
No.  1  has  a  bin  capacity  of  2,000  tons,  and  mineral  building  No  2 
and  its  addition  has  a  capacity  of  about  9,000  tons;  and  there  are 
two  wharves  of  a  length  of  over  1,000  feet,  with  the  necessary 
hoisting  apparatus  for  coal  and  limestone." 

Allouez  Mining  Company. 

"The  mine  is  opened  by  three  shafts.  No.  1  is  about  1300  feet; 
No.  2,  1700  feet;  and  No.  3,  1200  feet,  in  depth.  The  bed  or  lode 
mined  is  the  'Allouez  Conglomerate'.  It  has  a  thickness  of  from 
18  to  28  feet.  The  copper  rock  usually  makes  in  several  layers 
from  foot  to  hanging  wall,  with  layers  of  barren  rock  between 
them.  Two  'Knowles*  pumps,  operated  with  compressed  air,  and 
stationed  at  the  13th  and  18th  levels,  No.  2  shaft,  pump  the  water 
to  the  7th  level,  where  it  flows  through  the  level  to  No.  1  shaft, 
into  a  sump  at  the  8th  level,  and  is  from  there  forced  to  surface 
by  a  Gordon  &  Maxwell  steam  pump.  The  Mine  equipment  con- 
sists of  two  hoisting  engines,  capable  of  hoisting  from  700  to  800 
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tons  of  rock  per  day.  Two  'Rand  Air  Compressors',  with  a 
capacity  for  thirty- four  No.  8  Rand  Drilling  Machines. 

"The  rockhouse  is  furnished  with  driving  engine,  two  18x24 
inch,  and  three  9x15  inch  Blake  type  rock  crushers;  also  drop 
hammer  for  breaking  the  larger  size  of  rock.  Six  fire  box  crown 
flue  boilers,  of  about  100  hundred  horse  power  each,  furnish  steam 
for  all  the  mine  plant.  Machine,  Blacksmith,  and  Carpenter 
shops  are  provided  with  the  necessary  tools  to  do  all  ordinary 
repair  work. 

"The  Stamp  Mill  is  situated  about  2i  miles  to  the  north  of  the 
mine.  It  contains  three  15-inch  cylinder  'Balls'  steam  stamps, 
capable  of  crushing  500  tons  rock  per  day.  The  crushed  material 
is  dressed  by  'Colloni'  Jiggers.  Steam  is  supplied  by  four  100 
horse  power  boilers  of  the  fire  box  crown  flue  type.  Two  loco- 
motives are  on  hand,  one  of  which  ordinarily  is  used  to  transport 
the  rock  from  the  mine  to  the  mill,  over  a  three-foot  gauge 
track,  laid  with  50  pound  steel  rails.  The  mine,  when  in  full 
operation,  employes  about  300  men." 

Pittsburgh  and  Lake  Angeline  Mining  Company. 

4 'The  Lake  Angeline  mine  workings  are  a  little  over  5,000  feet 
in  length.  The  depth  is  500  feet.  There  are  four  shafts:  A,  450 
feet  deep;  C\  500  feet  deep:  D,  350  feet  deep;  and  E,  210  feet  deep. 

"There  are  eight  boilers  and  mine  engines;  two  Cornish 
plunger  pumps,  and  four  steam  pumps.  There  are  six  hundred 
and  fifty  men  employed,  and  the  capacity  of  the  mine  is  a  little 
over  ttvc  hundred  thousand  tons  per  year." 

The  Volunteer  Iron  Company. 

"The  ore  in  the  mine  extends  for  about  2,500  feet  in  length, 
and  the  mine  is  about  600  feet  deep.  There  are  four  shafts, 
A,  B,  C,  and  I).  The  capacity  of  the  mine  is  about  300,000  tons 
per  year.    Three  boilers;  five  engines." 

Winthrop  Iron  Company. 

"There  are  two  shafts  at  the  'Mitchell',  4A'  and  4D\  'A' 
shaft  is  555  feet  deep,  and  the  workings  are  about  350  feet  long. 
4 IV  shaft  is  300  feet  deep. 

"A  continuation  of  the  'Mitchell'  to  the  west  is  the  'Win- 
throp', which  is  owned  in  fee  by  the  Winthrop  Iron  Co.  We 
had  two  shafts  on  the  north  side  of  the  dioryte;  No.  1,  which  is 
now  owned  by  the  Lake  Superior  Iron  Co.,  being  420  feet  deep, 
and  Ko.  4,  which  is  560  feet  deep.    We  have  one  other  shaft  on 
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Winthrop  land,  on  the  south  side  of  the  dioryte  No.  2  shaft, 
which  is  480  feet  deep,  and  the  workings  are  about  500  feet  in 
length. 

"We  have  in  use  ten  boilers,  two  hoisting  engines,  one  18x30 
Rand  Compressor,  and  one  15x25x10x24  Duplex  Worthington 
Pump,  with  which  we  handle  all  of  our  water  from  the  mine." 

Saginaw  Iron  Mining  Co. 

"Depth  of  mine,  318  feet;  length  of  mine,  120  feet;  number  of 
shafts,  one;  number  of  boilers,  72"xl8',  three;  number  of  hoist- 
ing engines,  one;  number  of  air  compressors,  one;  number  of 
pumps,  14x12x10,  three;  number  of  Hand  drills  (No.  3)  Ave; 
number  of  men  employed,  tlfty-threc." 

Aragon  Mining  Company. 

"This  mine  has  produced,  since  mining  was  commenced  in  the 
latter  part  of  1889,  until  June,  18<>4,  530,314  tons  of  ore.  We  are 
mining  three  grades,  viz:  Castile,  guaranteed  to  run  654  per  cent 
Iron  and  not  above  .010  P;  Aragon,  Fe  04,  P  .030;  and  Granada, 
Fe  G4t  P  .125.    The  ore  now  produced  is  mostly  non-bessemer. 

"The  ore  deposit  is  very  much  folded  and  broken. 

"The  size  of  the  productive  area  has  increased  from  level  to 
level,  being  37,400  square  feet  at  a  depth  of  500  feet.  On  the  7th 
level— 650  feet  deep— which  is  still  undeveloped,  we  have  now 
34,400  square  feet  of  ore. 

"The  ore  is  hoisted  through  one  incline  shaft,  equipped  with 
skips,  and  one  vertical  cage  shaft.  The  hoisting  engines  are  of 
the  portable  type,  having  five  and  six  foot  drums  respectively. 

"Compressed  air  is  furnished  to  30  Rand  drills,  by  one  18x30 
inch  duplex  Rand  compressor,  and  one  14x16  compound  Norwalk 
compressor.  A  15x25x10x24  compound  condensing  Worthington 
pump  lifts  500  gallons  water  per  myiute,  from  the  500  feet  level 
to  the  surface.  The  bottom  level  is  unwatered  by  two  No.  10 
Cameron  pumps,  throwing  water  from  the  650  to  the  500  i 
level.  The  surface  water,  from  the  swamps  overlaying  Hie 
mine,  is  taken  care  of  by  low-service  Cameron  pumps. 

"There  are  eight  horizontal  return  tubular  boilers,  and  one 
vertical  tubular,  of  a  combined  capacity  of  060  horse  power. 

"300  men  are  employed,  producing  15,000  tous  per  month. " 

Mastodon  Iron  Company. 

"Depth  of  main  shaft,  400  feet  (2  cages);  length  of  mini*,  250 
feet.     Two  boilers,  6x18  feet.     Open  pit  has  skip  road  uud 
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Rochester  double  hoisting  engine,  10x14.  Hoisting  engine  of 
Marinette  manufacture,  18x24-inch  cylinder.  Two  six-foot 
drums.  Two  No.  10  Cameron  pumps,  only  one  being  in  use  at  a 
time.  Number  of  men  employed,  about  fifty.  One  Merritt  Du- 
plex Air  Compressor,  12x24.  Three  Rand  drills;  two  No.  2,  one 
No.  3.  One  Diamond  drill  outfit.  Width  of  ore  deposit,  75 
feet." 

Ashland  Iron  Mining  Co. 

"The  Ashland  has  six  working  shafts,  of  depth  and  length  as 
follows,  respectively: 

Shaft  No.    3  4  5  6  7  8 


Length 926        944        862        935        999        940 

Depth 843        859        778        818        909        819 

"Boilers:  Seven  return  tubular,  600  horse  power  capacity;  two 
Stirling  water  tube,  800  horse  power  capacity. 

"Hoisting  Engines:  One  Webster,  Camp  &  Lane  hoisting 
plant,  duplex,  cylinders  26ix48,  Brown  cut  off,  five  drums  10  feet 
diameter.  One  Marinette  hoist,  18x24,  two  drums  6  feet  diam- 
eter.   Several  small  hoists. 

"One  Ingersoll-Sergeant  Duplex  Air  Compressor,  18x30;  en- 
gines are  Cooper  Corliss,  with  No.  7  Worthington  Independent 
Condenser;  rated  capacity,  25  drills.  Two  Ingersoll-Sergeant 
Right  Line  Air  Compressors,  20x24,  Myers'  cutoff;  capacity  of 
each,  12  drills.  One  Cornish  Pumping  Plant  (E.  P.  Allis),  Corliss 
Engine,  22x48  inch,  two  plungers,  14  inches;  9  ft.  stroke. 

"Electric  Light  Plant:  Two  U.  S.  dynamos;  capacity,  300  in- 
candescent lamps  16  c.  p.,  110  volts.  Two  Westinghouse  Junior 
engines  9x8,  35  horse  power  each. 

"One  Worthington  Duplex  Compound  Plunger  Pump,  15x25x- 
9ix24  inches;  capacity,  700  gallons  under  pressure  of  300  lbs.  per 
square  inch.    Eighteen  Cameron  pumps,  sizes  No.  7  to  No.  10. 

"Machine  Shop  has:  One  Biaisdell  Engine  Lathe,  26"  swing,  14' 
long:  one  Bickford  Drill  Press,  38"  table;  one  Gray  Planer  30x30", 
8'  table;   one  Curtis  &  Curtis  pipe  machine,  2i  to  6  inches. 

"One  Bucyrus  Steam  Shovel. 

"Mine  working  capacity,  400  men.  Have  mined  and  shipped 
since  1883,  1,700,000  tons  of  ore,  of  average  analysis,  63.5  Fe, 
.044  Phos. 

Brotherton  Iron  Mining  Company. 

"There  are  three  working  shafts  at  a  depth  of  400  feet;  two 
hoisting  engines;  four  boilers;  and  six  No.  10  Cameron  pumps. 
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Two  hundred  and  ten  men  employed.     The  annual  output  is 
about  120,000  tons  of  ore." 

Newport  Mining  Company. 

"Location  comprises  N.  $  of  Section  24,  Twp.  47  N.,  Range 
47  W. 

"On  N.  W.  i  are  four  producing  shafts  as  follows:  No.  4,  on 
North  Vein;  depth  859  feet.  'A',  on  South  Vein  footwall;  depth 
473  feet.  'B\  on  South  Vein  footwall;  depth  517  feet.  'C,  on 
South  Vein  footwall;  depth  439  feet. 

"The  pumps  in  these  shafts  are  as  follows:  'A',  No.  5  Cameron 
pump.  'B\  No.  5  Cameron  pump.  'C\  No.  5  Cameron  pump. 
*C\  No.  9  Cameron  pump. 

"The  No.  5  pumps  all  pump  up  to  the  No.  9,  which  throws  all 
the  water  from  these  shafts  to  surface.  These  shafts  are  all 
connected,  and  are  about  400  feet  apart.  C.  is  also  connected 
with  them  by  a  cross  cut. 

"The  power  house  on  this  location  has  one  tubular  boiler, 
72"xl6';  one  tubular  boiler  60"xl6';  and  one  Sterling  Boiler.  One 
Bullock  Corliss  Engine  of  150  horse  power;  and  one  Webster, 
Camp  &  Lane  Engine  of  about  100  horse  power;  and  four  6-foot 
drums  for  hoisting. 

"On  the  N.E.  t  is  one  producing  shaft,  504  feet  deep,  called 
"Kv,  not  connected  with  any  other  shaft,  and  is  on  footwall. 
Pumps  in  this  shaft:  One  No.  10  Cameron  special;  one  No.  10 
Cameron. 

"The  power  house  on  this  location  has  one  tubular  boiler 
72"xl6';  two  tubular  boilers  48"xl6';  and  one  Marinette  engine, 
double,  of  about  50  horse  power,  with  a  6-foot  drum.  Boilers  are 
all  return  tubular,  except  Sterling. 

"Shafts  are  all  measured  for  depth  on  inclination  of  footwall, 
which  makes  an  angle  of  about  65°  with  the  horizontal. 

"Number  of  men  employed  varies.  When  all  the  shafts  are 
running,  about  250." 

Great  Western  Mine. 

**Our  workings  are  760  feet  long,  reached  by  two  shafts,  535 
and  550  feet  deep  respectively,  at  the  present  time. 

"The  mine  is  equipped  with:  One  100  horse  power  Hoisting 
Engine,  with  three  7-foot  drums;  one  80  horse  power  Hoisting 
Engine,  with  two  4-foot  drums;  one  8x10  Duplex  Hoisting  En- 
gine, with  two  4-foot  drums;  one  12x36  in.  Duplex  Air  Compres- 
sor; twenty-one  No.  2  Rand  Rock  Drills;  three  No.  3  Rand  Rock 
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Drills:  two  100  horse  power  Steel  Boilers;   two  ffl  home  p*>wer 
Steel  Boilers;  one  60  horse  power  Steel  Boiler,    Machine  Shop 
fully  equipped. 
"We  employ  about  two  hundred  men.*7 

Ropes  Gold  Jfc  Silver  Coxpajit. 

^Our  shaft  No.  1  (or  Curry)  Is  8W  feet  deep:    No,  3  (or  Ely 
*baft    is  100  feet  in  depth,     Are    using   three  boilers,  three 
engines,  eight  pumps,  forty  stamps,  twelve  vanners;   and  em- 
ploying forty  meo." 
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EMPLOYMENT. 


The  question  is  often  asked,  if  the  Mining  School  can 
promise  employment  to  students,  on  graduation.  The  only 
answer  is,  that  neither  the  Mining  School  nor  any  other 
self-respecting  institution  can  make  any  such  promises. 
The  question  of  employment  depends  on  too  many  factors 
to  be  promised  three  or  four  years  in  advance.  It  depends 
on  the  demand  and  the  supply,  which  are  liable  to  vary 
from  year  to  year;  and  it  also  very  largely  depends  on  a 
student's  personal  "equation".  Prior  to  1803,  the  demand 
for  suitable  men  was  greater  than  the  supply;  and.  such 
will  be  the  ease  again,  on  the  revival  of  business.  People 
are  prone  to  forget  the  general  laws  of  Political  Economy, 
as  shown  in  periods  of  prosperity,  and  in  business  de- 
pressions and  panics.  The  student  is  apt  to  think  that 
because  at  any  one  time  there  is  a  depression  in  the 
profession  he  is  proposing  to  follow,  that  therefore  there 
is  no  future  in  it;  overlooking  the  fact  that  such  de- 
pressions are  shown  by  history  to  be  incident  to  every 
occupation,  and  that  prosperity  follows  stagnation  as 
surely  as  the  latter  will  succeed  a  period  of  marked  busi- 
ness activity.  The  cycle  may  be  formulated  as,  "a  state  of 
quiescence, — next  improvement, —  growing  confidence, — 
prosperity,  —  excitement,  —  over- trading, —  convulsion, — 
pressure, — stagnation, — distress, — ending  again  in  quies- 
cence", when  the  cycle  is  again  repeated.  Thus  it  follows, 
that  a  pupil  entering  upon  his  preparation  for  his  future 
occupation  in  a  time  of  prosperity  is  less  sure  of  employ- 
ment on  graduation  than  one  who  starts  upon  this  prepara- 
tion during  a  time  of  distress. 

The    following    table   taken  from  Thorn's  Edition  of 
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J  Hilars  "Brief  History  of  Panics",  will  indicate  that  these 
period  of  depression  are  not  confined  to  any  one  country 
or  business,  but  are  widespread,  if  not  universal — and  are 
dependent  upon  some  general  periodic  law: 


DATE  OF  COMMERCIAL  CRISES. 


FRANCE. 

ENGLAND. 

UNITED  STATES. 

1804 

1803 



1810 

1810 



1813-14 

1815 

1814 

1818 

1818 

1818 

1825 

1825 

1826 

1830 

1830 

1829  31 

183H-39 

1836  30 

1837  39 

1847 

1847 

1848 

1857 

1857 

1857 

1864 

1864  m 

1864 

1873 

1873 

1882*"" 

1882 

1884 

1893 

1800-91 

1893 

The  periodic  time  is  variable,  but  latterly  it  appears  to 
he  from  eight  to  ten  years  in  length,  roughly  divided  as 
follows:  "Prosperity,  for  five  to  seven  years;  panic,  a  few 
mouths  to  a  few  years;  and  liquidation  about  a  few  years*'. 
The  past  three  panics  have  been  followed  by  strikes  in 
1877,  1885-86  and  1804,  that  greatly  retarded  the  advanc- 
ing tide  of  prosperity.  The  signs  of  the  times,  are  that 
already  the  current  has  changed,  and  that  in  from  one  to 
three  years  business  activity  will  be  the  rule,  and  our 
mineral  industries  will  prove  no  exoeption.  The  natural 
law  is  to  prepare  in  dull  times  to  take  advantage  of  the 
active  years,  and  this  applies  to  mining  as  well  as  to  all 
other  occupations. 

The  success  of  a  graduate  depends  very  much  upon  him- 
self, and  it  will  be  evident  from  the  positions  now  occupied 
by  Ihe  class  that  graduated  during  the  panic  of  1803,  that 
those  who  went  out  and  searched  for  employment  found  it. 
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A  thorough,  hard  working  student,  with  the  ability  to 
command  the  respect  of  men  and  to  manage  them,  and  to 
work  harmoniously  with  his  fellow  officers,  will  hardly 
ever  fail  of  obtaining  the  choicest  positions  that  are  open 
to  him;  especially  after  having  had  the  practical  work  and 
experience  about  the  mines  that  the  graduates  of  this  school 
have. 

Education  and  training  do  not  give  qualities  to  any  man; 
they  simply  sharpen  and  develop  those  natural  abilities 
that  he  possesses;  hence,  if  he  is  not  by  nature  fitted  for  a 
certain  position,  he  ought  not,  and  will  not  be  likely,  to 
obtain  it.  On  the  other  hand,  whatever  may  be  a  man's 
natural  abilities,  he  will  not  be  likely  to  obtain  a  position 
of  any  high  grade  unless  he  has  been  educated  for  it,  either 
in  school  or  outside — the  outside  education  being  by  far 
the  most  expensive  kind  of  education  that  can  be  obtained. 

Slothful,  lazy,  careless,  and  inefficient  students  will  not, 
naturally,  obtain  places  as  readily  as  the  hard-working 
ones,  other  things  being  equal.  They  certainly  will  not 
be  recommended  as  different  from  what  they  are  by  the 
Director  of  the  Mining  School;  since  a  man  who  cannot  be 
trusted  to  attend  faithfully  to  his  work  when  engaged  in 
obtaining  his  professional  training  is  not  one  whom  it  is  safe 
to  trust  with  important  business  and  mining  interests. 

Students  should  remember  that  their  conduct,  from  the 
day  they  enter  the  Mining  School  until  they  leave  it,  has 
an  all  important  bearing  upon  their  future  position  and 
standing. 

The  Director  of  the  Mining  School  makes  one  invariable 
rule,  i.  e.,  that  all  persons  desiring  students  or  graduates 
of  this  School  shall  be  informed  of  the  defects,  as  well  as 
of  the  virtues,  of  the  candidates,  so  far  as  he  knows  them; 
believing  that  such  a  course  is  the  only  one  that  is  just 
either  to  the  employer,  to  the  student* or  to  the  school. 
When  information  is  fully  given  concerning  the  position 
and  desired  qualities  of  the  person  to  fill  it,  pains  are  taken 
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to  select  the  student  who  is  believed  to  be  most  suitable  for 
the  position. 

In  order  to  secure  the  best  future  for  themselves,  stu- 
dents are  urged  to  neglect  no  opportunities,  even  beyond 
those  afforded  by  the  School,  to  inform  themselves  in  the 
practical  work  of  mining. 

The  graduates  are  also  urged  to  turn  their  attention  to  a 
field  in  which  success  is  almost  sure,  to  men  of  ability  and 
energy;  to  enter  the  mines  or  works  as  miners,  foremen, 
or  in  some  other  subordinate  capacity,  and  thoroughly 
master  every  detail,  from  the  lowest  to  the  highest  work, 
since  only  men  who  have  had  this  experience  are  apt  to  ob- 
tain the  highest  positions. 

It  is  men  who  have  had  a  thorough  education,  both  in 
the  theoretical  and  practical  mining,  and  who  have  worked 
in  every  grade  of  work,  that  are  even  now  sought  to  take 
charge  of  our  mines  and  their  allied  industries.  The 
future  is  for  the  man  who  is  modest  and  willing  to  com- 
mence at  the  bottom  of  his  profession,  and  who  is  con 
scious  of  the  truth,  that  on  graduation  he  is  only  just 
prepared  to  begin  his  work. 

The  graduates  of  the  school  are  urged  to  keep  the 
Director  constantly  informed  concerning  their  positions, 
salaries,  etc.,  and  also  what  their  desires  are,  in  order  that 
they  may  be  assisted  to  advance,  if  opportunity  offers. 

Officers  of  mines,  and  others,  desiring  surveyors,  engi- 
neers, draughtsmen,  foremen,  chemists,  assay ers,  etc., 
are  requested  to  make  their  wants  fully  known  to  the 
Director  of  the  Mining  School,  who  will  then  recommend 
suitable  candidates  to  them,  if  he  knows  of  any. 

The  inquiry  is  frequently  made  by  persons  intending  to 
become  students,  if  they  can  attend  to  their  school  work 
and  earn  enough  to  pay  their  way  at  the  same  time.  Such 
a  course  is  not  practicable,  as  the  regular  school  work,  if 
it  is  done  as  it  should  be,  requires  the  entire  available  time 
of  any  student,  however  strong  and  able  he  may  be.     As  a 
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special  student,  taking  only  a  few  studies,  one  might  be 
able  to  procure  sufficient  work  to  pay  one's  way.  The 
better  way  for  the  needy  student  is  either  to  attend  to  his 
school  and  to  his  labor  in  alternate  years,  or  else  to 
borrow  the  means  to  continue  his  education,  repaying 
through  his  increased  earning  power  after  graduation. 

The  salaries  obtained  upon  graduation  have  been  from 
$500.00  to  $1,800.00,  averaging  about  $900.00  per  year. 
The  lower  salaries  were  obtained  by  students  who  had  less 
practical  experience  with  men  and  with  the  world  in  general; 
these  were  obliged  to  spend  some  time  in  acquiring  a 
special  kind  of  knowledge  that  the  Mining  School  cannot 
give. 

So  far  as  known,  the  salaries  have  increased,  after  a  varied 
time  from  $900.00  to  even  $2,000.00  or  more  per  year, 
averaging  about  $1,200.  All  this,  however,  is  dependent 
upon  the  demand  and  supply,  the  state  of  the  mining 
industries  at  any  time,  as  well  as  upon  other  factors  too 
numerous  to  be  mentioned. 

The  Mining  School  has  several  positions  that  are  expect- 
ed to  be  open  every  year,  paying  various  sums  up  to 
$500.00,  that  are  available  for  students  of  a  suitable  grade 
to  give  a  certain  amount  of  instruction,  and  to  pursue  their 
studies  in  certain  lines.  For  graduates  and  others  who  have 
a  taste  for  such  work,  it  opens  an  excellent  opportunity 
for  study  and  self  discipline  preparatory  to  their  future 
occupation. 
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CALENDAR. 

1894-1897. 

Summer  Term  commences  Monday  morning,  April  23,  and  ends 
Friday  evening,  August  17,  1894. 
Field  Work  in  Surveying  commences  Monday  morning,  June 
4,  and  ends  Wednesday  evening,  August  15,  1894. 

Shop  Practice  begins  Monday  morning,  June  11,  and  ends 
Wednesday  evening,  August  15,  1894. 

Practical  Work  in  Assaying  begins  Monday  morning,  May  28, 
and  ends  Friday  evening,  June  8,  1894. 

Practical  Work  in  Ore  Dressing  begins  Monday  morning,  June 
11,  and  ends  Friday  evening,  July  6,  1894. 

Field  Geology  begins  Monday  morning,  July  9,  and  ends  Wed- 
nesday evening,  August  15,  1894. 
Commencement  Exercises,  Thursday  and  Friday,  August  16  and 

17,  1894. 
Thursday— Field  day,  all  classes,  9  a.m.  and  2  p.m. 

Reception  for  the  Graduating  Class,  by  the  Board 
of  Control  and  Faculty,  9  p.m. 
Friday— Annual  Meeting  of  the  Board  of  Control,  10  a.m. 
Graduation  Exercises,  2  p.m. 
Meeting  of  the  Alumni  Association,  4  p.m. 
Alumni  Dinner,  8:30  p.m. 

Recess  of  Four  Weeks. 


Fau  Term  commences  Friday  morning,  September  14,  1894. 

Examinations  for  admission  and  advanced  standing  commence 
Friday  at  9  a.m.,  and  continue  through  Friday  and  Saturday. 

Examinations  for  making  up  conditions  commence  on  Friday 
at  9  a.m.,  and  will  continue  through  Friday  and  Saturday. 

Regular  work  for  all  classes  commences  Monday,  September 
17,  1894,  at  9  a.m. 

Thanksgiving  Recess,  November,  Wednesday  noon  until  Mon- 
day morning. 

Fall  Term  ends  Friday  evening,  December  21,  1894. 
Recess  of  Two  Weeks. 
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Winter  Term  commences  Monday  morning,  January  7,  and 
ends  Friday  evening,  April  12,  1895. 

Recess  of  Nine  Days. 


Summer   Term  commences  Monday  morning,  April  22,  1895, 
and  ends  Friday  evening,  August  16,  1895.    . 
Field  Work  in  Surveying  commences  Monday  morning,  June 
23,  and  ends  Wednesday  evening,  August  14, 1895. 

Shop  Practice  begins  Monday  morning,  June  10,   and  ends 
Wednesday  evening,  August  14,  1895. 

Practical  Work  in  Assaying  begins  Monday  morning,  May  27, 
and  ends  Friday  evening,  June  7, 1895. 

Practical  Work  in  Ore  Dressing  commences  Monday  morning, 
June  10,  and  ends  Friday  evening,  July  5, 1895. 

Field  Geology  begins  Monday  morning,  July  8,  and  ends  Wed- 
nesday evening,  August  14,  1895. 
Commencement  Exercises,  Thursday  and  Friday,  August  15  and  16, 

1895. 
Thursday— Field  day,  all  classes,  9  a.m.  and  2  p.m. 

Reception  for  the  Graduating  Class,  by  the  Board  of 
Control  and  Faculty,  9  p.m. 
Friday— Annual  Meeting  of  the  Board  of  Control,  10  a.m. 
Graduation  Exercises,  2  p.m. 
Meeting  of  the  Alumni  Association,  4  p.m. 
Alumni  Dinner,  8:30  p.m. 

Recess  of  Four  Weeks. 


Fall  Term  commences  Friday  morning,  September  13, 1895. 

Examinations  for  admission  and  advanced  standing  commence 
Friday  morning,  at  9  a.m.,  and  continue  through  Friday  and 
Saturday. 

Examinations  for  making  up  conditions  commence  on  Friday, 
at  9  a.m.,  and  will  be  continued  through  Friday  and  Saturday. 

Regular  work  for  all  classes  commences  Monday,  September 
16, 1895,  at  9  a.m. 

Thanksgiving  recess,  November,  Wednesday  noon  until  Mon- 
day morning. 

Fall  Term  ends  Friday  evening,  December  20,  1895. 
Recess  of  Two  Weeks. 
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Winter  Term  commences  Monday  morning,  January  6,  and 
ends  Friday  evening,  April  10,  189(5. 

Recess  of  Nine  Days. 


Summer  Term  commences  Monday  morning,  April  20, 1896,  and 
ends  Friday  evening,  August  14,  1896. 

Field  Work  in  Surveying  commences  Monday  morning,  June  1, 
and  ends  Wednesday  evening,  August  12,  1896. 

Shop   Practice  begins    Monday  morning,  June  8,  and"  ends 
Wednesday  evening,  August  12,  1896. 

Practical  Work  in  Assaying  begins  Monday  morning,  June  1, 
and  ends  Friday  evening,  June  12, 1896. 

Practical  work  in  Ore  Dressing  commences  Monday  morning, 
June  8,  and  ends  Friday  evening,  July  8,  1896. 

Field  Geology  begins  Monday  morning,  July  6,  and  ends  Wed- 
nesday evening,  August  12,  1896. 
Commencement  Exercises,  Thursday  and  Friday,  August  13  and  14, 

1896. 
Thursday— Field  Day— All  classes,  9  a.m.  and  2  p.m. 

Reception  for  the  Graduating  Class  by  the  Board  of 
Control  and  the  Faculty. 
Friday— Annual  Meeting  of  the  Board  of  Control,  10  a.m. 
Graduation  Exercises,  2  p.m. 
Meeting  of  the  Alumni  Association,  4  p.m. 
Alumni  Dinner,  8:30  p.m. 


Fall  Term  commences  Friday  morning,  September  11,  1896. 

Examinations  for  admission  and  advanced  standing  commence 
Friday  morning,  at  9  a  m.,  and  continue  through  Friday  and 
Saturday. 

Examinations  for  making  up  conditions  commence  on  Friday 
at  9  a.m.,  and  continue  through  Friday  and  Saturday. 

Regular  work  for  all  classes  commences  Monday,  September 
14,  1896,  at  9  a.m. 

Thanksgiving  Recess,  November,  Wednesday  noon  until  Mon- 
day morning. 

Fall  Term  ends  Friday  evening,  December  18,  1896. 
Recess  of  Two  Weeks. 


Calendar.  211 

Winter  Term  commences  Monday  morning,  January  4,  1897, 
and  ends  Friday  evening,  April  9,  1897. 
Recess  of  Nine  Days. 


Summer  Term  commences  Monday  morning,  April  19,  and  ends 
Friday  evening,  August  13,  1897. 

Recess  of  Four  Weeks. 


Fal,l  Term   commences  Friday  morning,  September  10,  1897, 
and  ends  Friday  evening,  December  17,  1897. 
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•  of  tils  and  of  the  r«ast  cataloznes  of  the 

ittg  Schxl.   :hit  relate  so  each  department 

*r&I  by  the  Leads  of  the  several  departments. 

;  irts  have  always  been   prepared   by  the 

*i  iz  the  clerical  work  by  the  Librarian.     The 

pen  grea:ly  a:i~l  by  :he  advice  and  assist- 

^•ers  of  :he  Faculty.     Professor  Kid  well 

tested  mneh  time  as  i  labor  to  the  revision 

.:  an  I  to  the  reaiinz  of  the  proof,  never 

when   any  z»i  was  to  be  accomplished. 

i€  range  of  subjects,  materia:?,  tables  and 

mption    from    typographical    errors   can 

n  a  work  wh: :  h  necessarily  passes  through 
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TO    THE    PUBLIC. 


Although  this  Catalogue  is  for  the  years  1894-1896,  its 
statements  and  calendar  also  apply  to  1896-1897  and  1897- 
1898. 

The  Catalogue  does  not  follow  entirely  the  usual  form  of  such  a 
publication,  since  it  has  been  prepared  to  answer  each  and  every 
question  that  has  been  askc  d  the  Director  concerning  the  institution 
for  nearly  nine  years.  Hence  all  persons  seeking  information  con- 
cerning this  School  are  requested  to  look  in  the  Table  of  Contents 
for  the  title  under  which  the  subject  of  their  inquiry  naturally 
falls,  and  then  read  carefully  the  statements  thus  found. 

If  the  desired  information  can  not  be  found,  application  should 
then  be  made  to  the  Director,  in  person  or  by  letter,  stating  what 
points  are  not  understood,  or  upon  what  subject  information  is 
desired.  Experience,  however,  has  shown  that  for  the  past  four 
years  hardly  any  questions  have  been  asked,  that  have  not  been 
answered  in  this  Catalogue  more  fully  than  is  possible  in  a  letter. 

All  requests  for  Catalogues,  for  information  concerning  a  11  matters 
relating  to  the  course  of  study,  admission  qualifications,  blank  cer- 
tificates, and  in  short,  for  anything  relating  to  the  educational  side 
of  the  school  should  invariably  be  addressed  to  the  Director;  while 
all  communications  concerning  purchases,  bills  and  financial  matters 
should  be  addressed  to  the  Treasurer  of  the  Mining  School,  or,  in 
certain  cases,  to  heads  of  departments  seeking  information  concern- 
ing material  to  be  used  in  their  work. 

All  parties  writing  for  catalogues  or  information,  are  particularly 
requested  to  see  that  their  names  and  addresses  are  legibly  written 
and  accurately  stated,  for  however  familiar  any  one  may  be  with  his 
own  signature,  the  party  to  whom  application  is  made  for  the  Cata- 
logue is  not  usually  acquainted  with  it.  Very  frequently  catalogues 
and  letters  mailed  from  the  school  are  returned  because  the  party  ask- 
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ing  far  them  gare  a  deficient  or  incorrect  address*.  Any  ooe  who 
fails  to  reoeite  within  a  reasonable  time  an  answer  to  bis  request, 
or  iaquir?.  -r*ould  write  again,  as  all  commnnications  which  reach  the 
Director  reonve  prompt  attention,  and  the  Catalogue,  or  information 
desired,  »  forwarded  at  once. 
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Purposes  and  History. 


THE  MICHIGAN  MINING  SCHOOL:  ITS  PURPOSES 
AND  HISTORY. 


The  Michigan  Mining  School  was  established  as  the  fourth 
and  last  of  the  institutions  of  Michigan,  which  are  devoted 
to  higher  education.  From  the  moment  of  its  inception  its 
single  object  has  been  to  send  out  men  who  are  qualified  to 
take  an  active  part  in  the  development  of  the  mineral  wealth 
of  our  State  and  Nation;  and  any  subject  of  study  which  is 
essential  to  this  end  will  not  be  found  wanting  in  its  courses 
of  instruction. 

The  school  has  been  singularly  happy  in  its  location.    It  is  an 
axiom  of  modern  education  that  any  school,  which  is  to  obtain  the 
greatest  return  for  the  money  and  energy  spent  in  establishing  it,  must 
be  situated  in  a  region  which  shall  from  its  very  nature  serve  free 
of  all  expense,  as  a  part  of  the  real  equipment  of  that  school.    This 
can  be  so  only  when  the  district  presents  for  the  daily  observation  of 
the  student  the  most  extensive  and  "  up-to-date"  practical  applica- 
tions of  the  subjects  which  are  taught  in  the  school,— a  district  in 
which  the  student  is  inspired  with  a  strong  appreciation  of,  and 
interest  in,  his  future  work,  by  being  brought  into  frequent  contact 
with  able  men  whose  lives  have  been  devoted  to  the  same  profession. 
The  location  must  be  such  that  the  body  of  the  people  regard  the 
institution  as  a  co-worker  with  them  in  the  main  business  of  their 
daily  life,  and  naturally  take  far  more  interest  in  it,  than  in  a  school 
whose  object  and  officials  have  little  in  common  with  them.    The 
student  thus  lives  in  an  atmosphere  which  harmonizes  with  his  work 
and  his  attention  and  energies  are  not  distracted  and  wasted  by 
making  digressions  into  matters  which  have  no  bearing  on  his  real 
future. 

On  this  account,  medicine,  law,  theology  and  cognate  subjects  are 
best  taught  in  large  cities  whose  hospitals,  libraries,  courts,  churches, 
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taught  only  in  a  district  containing  mi  aw  ii.wi  amines  which  are 

worked  on  the  largest  scale  and  in  which  argentine  and  economical 

considerations  are  given  full  sway. 

From  this  point  of  view  the  Michigan  Mining  School  has,  more 
than  any  other  school  of  mines  in  America,  been  fortunate  in  its 
location.  Within  a  radios  of  eleven  miles  from  its  doors  are  situ- 
ated  several  of  the  largest,  deepest  and  moat,  successful  mines  in  the 
world.  The  most  powerful  and  stupendous  machinery  ever  em- 
ployed in  mining  is  here  in  constant  use  and  always  open  to  the 
inspection  of  the  student.  The  aggregate  horse  power  of  the  engines 
used  by  only  two  of  these  mining  companies  exceeds  the  grand  total 
of  all  the  engines  used  in  the  gold  and  silver  mines  in  the  United 
States  in  the  halcyon  days  of  1889;  or  far  more  than  double  all  those 
employed  in  the  grandest  spectacle  this  earth  has  ever  seen— ^the 
World's  Columbian  Exposition  in  1893. 

The  mines  of  the  Marquette,  Menominee  and  Gogebic  iron  ranges 
are  within  a  few  hours'  ride  of  the  school,  and  furnish  a  most  effi- 
cient means  of  illustrating  a  large  part  of  its  teachings.  The  output 
of  the  various  mines  and  other  mineral  industries  in  the  Upper  Pen- 
insula is  so  enormous  that  its  yearly  value  is  about  $70,000,000,  and 
places  Michigan,  among  the  States  of  the  Union,  second  only  to 
Pennsylvania  in  the  value  of  its  mineral  products. 

The  further  development  of  this  vast  industry  requires  men  who 
are  thoroughly  trained  for  this  special  work,  and  to  meet  this  re- 
quirement the  Michigan  Mining  School  was  established.  It  was 
fortunate  for  the  School  that  its  Founders  realized  at  the  start  that, 
to  fulfill  its  mission,  it  must  not,  as  is  so  frequently  and  unfortu- 
*ly  done,  waste  its  energies  in  the  vain  attempt  to  teach  branches 
Tn  to  the  object  of  the  institution,  and  which  were  already  well 
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taught  by  other  schools  maintained  by  the  State.  In  consequence 
they  determined,  that  this  School  should  confine  its  attention  wholly 
to  mining  and  the  subjects  relating  thereto:  hence  the  course  is 
designed  to  teach  the  student  to  conduct  explorations  in  the  forest 
and  field;  to  distinguish  the  useful  minerals  and  rocks;  to  understand 
the  geological  principles  that  govern  the  formation  and  association 
of  useful  mineral  products,  and  to  determine  approximately  their 
values;  to  study  ores,  building  stones,  limes,  mortars,  cements,  coal, 
salt,  gypsum,  petroleum,  natural  gas,  clays,  fertilizers,  gems,  and 
useful  vegetable  products;  to  survey,  map,  and  lay  out  the  ground, 
the  railroads,  tramways,  and  towns;  to  select  or  design  hoisting, 
transportation,  power,  and  light  plants;  to  design  the  mills,  furnaces, 
docks,  dams,  bridges,  shaft  and  rock  houses,  and  other  structures;  to 
determine  in  each  case  which  is  the  most  suitable  method  for  open- 
ing and  conducting  a  quarry  or  mine,  and  of  timbering,  ventilating 
and  draining  it;  to  assay,  concentrate  and  smelt  ores;  to  investigate 
the'  strength  and  other  properties  of  ■  engineering  materials,  that 
designs  may  be  intelligently  worked  out;  to  make  working  drawings 
to  illustrate  fully  these  designs;  to  understand  the  most  economical 
methods  of  generating  and  using  steam;  to  study  in  detail  engines, 
pumps,  boilers,  and  other  machinery,  and  the  methods  of  operating, 
testing  and  repairing  them;  to  master  the  principles  of  electricity 
and  its  generation,  storage,  transmission,  and  use  as  an  iiluminant 
and  source  of  motive  power;  to  study  hydraulics,  and  its  various 
applications  in  civil  affairs  and  hydraulic  mining;  to  understand 
mine  management  and  accounts;  in  short,  to  train  men  to  be  of  real 
use  in  any  line  of  work  connected  with  the  winning  and  reduction 
of  mineral  products. 

Such  work  naturally  arranges  itself  along  various  clearly  defined 
lines  in  each  of  which  the  training  may  proceed  to  almost  any  length; 
hence  the  branches  of  study  which  here  most  naturally  resolve 
themselves  into  specialties  are  drawing,  chemistry,  metallurgy, 
mechanical,  civil,  electrical  and  mining  engineering,  ore  dressing 
and  geology.  In  consequence,  the  men  educated  at  the  Mining 
School  are  now  engaged  as  surveyors,  mining,  civil,  electrical  and 
mechanical  engineers,  woodsmen,  explorers,  railroad  men,  chemists* 
assayers,  mill  men,  quarry  men,  manufacturers,  stock  raisers,  farm- 
ers, teachers,  etc.  It  therefore  appears  that  the  Mining  School  has 
fulfilled  its  mission  and  educated  its  students  to  be  useful  and  efficient 
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men,  who  are  daily  adding  to  the  world's  material  wealth  and  to  Ha 
stock  of  knowledge. 

The  range  of  subjects  bearing  on  the  mineral  industry  is  extremely 
wide;  this,  coupled  with  the  fact  that  all  men  are  endowed  with  a 
natural  aptitude  for  some  lines  of  work,  while  wholly  unfitted  for 
others;  and  the  further  fact  that  circumstances  beyond  control  fre- 
quently force  men  into  particular  occupations  and  deprive  them  of 
the  opportunity  to  prosecute  a  full  course  of  training,  all  conspire  to 
demonstrate  the  correctness  of  the  modern  educational  view,  that  a 
rigid  set  course  of  instruction  in  higher  education  is  now  out  of  date, 
and  that  the  student  must  have  some  liberty  in  selecting  the  studies 
which  are  to  enable  him  to  cope  with  his  life  work.  This  fact  has 
been  long  recognized  here,  and  the  Mining  School  has  squarely  met 
the  issue  by  adopting  an  elective  system  so  designed  that  while  the  stu- 
dent is  allowed  to  choose  the  main  lines  of  his  work,  he  is  compelled 
by  the  proper  sequence  of  studies  to  take  up  such  subjects  as  are  essen- 
tial to  a  broad  and  thorough  engineering  training. 

Further,  in  the  effort  to  save  the  valuable  time  of  young  men,  the 
school  work  is  continued  during  forty-five  weeks  a  year  instead  of 
thirty  to  thirty-six  as  in  most  institutions.  This  enables  the  student 
who  so  wishes,  to  accomplish  as  much  in  three  years  as  he  would 
ordinarily  do  elsewhere  in  four. 

The  instruction  given  at  the  Mining  School  is  intended  to  be 
strictly  professional  and  practical,  and  the  school  considers  that  to 
give  a  general  educational  training  is  as  little  in  keeping  with  its 
legitimate  functions  as  would  be  the  case  in  schools  devoted  to  law, 
medicine  and  theology.  Such  general  training  is  already  fully  pro- 
vided for  by  other  institutions  maintained  by  the  State,  and  to 
attempt  it  here  would  cause  a  serious  detriment  in  the  quality  of 
the  engineering  instruction,  and  add  only  a  source  of  needless 
expense  to  the  State.  It  is  therefore  clear  that  the  Michigan  Mining 
School  in  no  way  encroaches  on  the  work  which  legitimately  belongs 
to  any  other  of  our  institutions  of  learning;  indeed,  it  really  assists 
them  by  offering  an  education  which  no  one  of  them,  by  reason  of  its 
location,  can  possibly  give  in  the  way  it  is  given  here. 

The  mineral  industries  adjacent  to  the  Mining  School  are  the 
most  efficient  portions  of  its  equipment  Without  a  similar  advant- 
age no  school  can  properly  teach  mining,  and  any  attempt  to  do  so 
—"I  result  in  an  inferior  engineering  training,  no  matter  if  millions 
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of  dollars  be  spent  in  equipping  that  school.  The  Pennsylvania 
Railway  Company  wisely  recognized  this  principle  when  it  estab- 
lished its  school  at  Altoona.  It  wanted  railroad  men,  and  it  very 
properly  trains  them  at  a  place  where  all  the  matters  pertaining  to 
railways  are  directly  under  the  eye  of  the  student.  ( 

The  Mining  School  forces  its  students  to  do  thorough  work,  and 
also-  to  acquire  some  practical  knowledge  of  the  subjects  they  are 
studying.  The  day  has  passed  when  engineering  students  could  be 
properly  trained  through  an  equipmc  nt  of  lecture  rooms,  teachers 
and  books;  this  school  has  therefore  ever  been  mindful  of  the  wise 
observation  of  Seneca:  "Long  is  the  way  through  precept,  short  and 
effective  through  examples,"  *  hence  it  tries  to  make  its  students  not 
only  hear,  but  see,  and  to  act  with  their  own  hands  as  well  as  their 
minds.  In  this  fact  and  in  it  only,  can  be  found  the  reason  why  its 
graduates  have  been  signally  successful  in  practice,  and  that  they 
have  rarely  been  attracted  into  a  line  of  work  different  from  that 
which  they  pursued  at  this  School. 

The  Mining  School  was  established  by  an  act  of  the  Legislature 
approved  May  1st,  1885,  and  was  opened  for  the  reception  of  students 
on  September  15th,  1886.  Its  inception,  establishment,  and  to  a 
great  extent  its  appropriations  have  been  due  to  the  foresight, 
energy  and  executive  ability  of  Hon.  Jay  A.  Hubbell  of  Houghton. 
He  has  spared  no  labor  in  endeavoring  to  accomplish  everything  he 
considered  essential  to  the  success  and  prosperity  of  the  institution. 

In  1886,  Albert  Williams,  Jr.,  a  graduate  of  the  College  of  New 
Jersey,  was  elected  principal,  and  had  charge  of  the  school  until  he 
resigned  during  the  summer  of  1887.  M.  E.  Wads  worth,  a  graduate 
of  Bowdoin  and  post  graduate  of  Harvard,  was  then  chosen  as 
Director,  and  still  retains  that  position. 

The  first  classes  were  taught  in  rooms  located  on  the  top  floor  aod 
in  the  basement  of  the  "fire  engine  house"  of  the  village  of 
Houghton.  Four  additional  rooms  in  the  OJd fellows  Building  were 
secured  in  September,  1887,  but  the  continued  growth  of  the  school 
made  it  necessary  to  vacate  the  latter  quarters  during  the  summer 
of  1888,  and  to  replace  them  by  others  obtained  in  the  Roller  Rink 
Building,  now  the  Armory  Opera  House. 

In  May,  1889,  the  school  was  moved  into  the  building  now  known 
as  Science  Hall.    This  was  erected  by  the  State  on  land  donated 
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by  Judge  Hubbell,  but  even  then  it  was  well  known  that  the  build- 
ing was  top  small  for  the  necessary  work  of  the  school.  In  1890,  ore 
dressing  works  were  constructed,  and  there  was  added  in  1882  a 
small  structure  containing  a  furnace  for  roasting  ores.  As  the 
school  grew  faster  than  its  most  sanguine  friends  had  any  reason  to 
hope,  further  buildings  became  necessary,  and  during  1894-95  the 
State  erected  another  large  one  to  accommodate  the  departments  of 
drawing  and  mechanical  and  electrical  engineering,  and  the  offices 
and  lecture  rooms  of  the  department  of  civil  and  mining  engineer- 
ing. 

The  equipment  of  the  institution  has  also  been  increased  so  far  as 
its  funds  have  permitted,  and  the  total  school  property,  as  inven- 
toried in  August,  1895,  amounted  to  $219,666.79. 

In  1886,  a  course  of  instruction  of  two  years  duration  was 
announced,  but  its  details  were  not  worked  out;  indeed,  the  educa- 
tional side  of  the  school  was  not  regularly  organized  until  the  aca- 
demic year,  1887-88.  Since  then  the  curriculum  has  been  steadily  broad- 
ened and  perfected  in  detail.  In  1889  a  three  years  course  was 
adopted,  and  in  1893  this  was  changed  to  four  years.  The  full 
elective  system  went  into  successful  operation  in  1895,  and  has 
proven  entirely  satisfactory  to  both  instructors  and  students  alike. 

No  Mining  School  in  America  has  ever  had  such  a  phenomenal 
growth  as  this  one,  whether  viewed  from  the  standpoint  of  attend- 
ance of  students  in  minmg  engineering;  in  the  thorough  and  practi- 
cal nature  of  the  education  given;  or  in  the  standing  the  school  has 
won  at  home  and  abroad.  Since  1890  it  has  been  recognized  as  one 
of  the  leading  institutions  of  its  kind  in  the  world,  and  it  will  ever 
strive  to  retain  this  position  by  hard  work  and  true  merit,  if  those 
for  whose  benefit  it  was  established  will  do  their  duty  toward  it 

The  number  of  new  students  who  entered;  the  total  enrollment; 
and  the  number  of  graduates  sent  out  for  each  year  of  the  school's 
existence  are  as  follows: 
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23 
28 
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85 

5 
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45 
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17 
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17 

49 

Total  attendance 

Graduates.. ...... 

94 

These  students  were  from  twenty-four   different  states  of   the 
and  from  the  following  foreign  countries:    Canada,  Cuba, 
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England,  Germany,  Japan,  Mexico,  New  Brunswick,  Peru  and  the 
South  African  Republic.    The  large  majority  of  the  students  came 
from  Michigan,  as  would  naturally  be  expected  from  the  magnitude 
of  the  mining  interests  of  our  state. 
The  Legislature  has  made  for  the  school  appropriations  as  follows: 


Total. 


On r rent  ex- 
penses.  

Building  and 
Equipment . 


]t&. 

Ittrf. 

im 

IBM. 

I  MM. 
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£5,000 

?5,0OO 

114.000 
60.000 

15,000 

*:-v.".(0 
35,000 

MBD0 

$299,100 
186,000 


Through  the  exercise  of  rigid  economy  in  the  use  of  its  funds  the 
institution  has  saved  and  put  into  equipment  much  of  the  money  in- 
tended for  current  expenses,  and  so  well  has  this  been  done  that  the 
average  annual  expense  per  student  since  the  school  was  estab- 
lished has  been  somewhat  less  than  $400  00.  No  other  leading  school 
has  ever  been  able  to  do  work  of  equal  grade  for  so  small  a  sum. 
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SCHOOL. 

August,  1896. 


MATHEMATICS  AND  PHYSICS. 

Mathematics $175  00 

Physics 7,580  23 

$7,755  22 

CHEMISTRY  AND  METALLURGY. 

Qualitative  Laboratory $2,090  00 

Quantitative  Laboratory 2,778  00 

Photographic  Laboratory 582  95 

Assay  Laboratory 2,319  91 

Metallurgy 1,242  00 

$8,962  86 

MECHANICAL    AND    ELECTRICAL    ENGINEERING. 

Drawing $1,808  00 

Pattern  Shop 1,858  00 

MachineShop 6,488  10 

Testing  Laboratory 8,057  00 

Steam  Plant 2,910  00 

Electrical  Engineering 3,641  00 

$19,217  10 

CIVIL  AND  MINING  ENGINEERING. 

Engineering  Equipment $6,646  15 

~      Dressing  Plant 3,46157 

$10,107  72 
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MINERALOGY  AND  GEOLOGY. 

Mineralogy , |8t373  50 

Petrography 7,523  88 

General  Geology 3,630  10 

Economic  Geology 823  00 

120,350  48 

Library , 23,465  06 

Administrative  Department ..,-  426  75 

Supply  Rooms _ _  6,231  79 

Buildings  and  Grounds 133,159  82 

Total 1219,666  70 


rni*^*  &s£w  Simac- 


*  *  F   0)\'TROL   *  •  F   THE 


ft.l»? 
ft.  tt» 
ft,18» 
ft.  1*1 
ft.  1901 


KRS  OF  THE  BOARD  OF 
CONTROL. 


E5T  or  the  BoAJti>  or  Cosmoo*^ 
!*.*.  JAY  ABEL  HUBBELL. 

tor  *jv  the  Mnrua;  Scaoou. 
-UMAX  EDWARD  WAD6WORTH. 

.KT  OF  THE  BOJLRD  OW  CONTBOL, 

ALLEN  FORSYTH  REES. 

f-  Ptrchasino  Aokst  or  the  Mnrnio  School, 
ALLEN  FORSYTH  REES. 
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OFFICERS  OF  THE   MICHIGAN   MINING   SCHOOL. 

1894-1895. 


Marshman  Edward  Wadsworth,  A.  B.,  A.  M.  (Bowdoin  College), 

A.  M.,  Ph.  D.  (Harvard  University), 

Director, 

Professor  of  Mineralogy,  Petrography  and  Geology. 

George   Augustus   Koenig,  M.  E.  (Poly technikum ,   Karlsruhe), 
A.  M..  Ph.  D.  (University  of  Heidelberg). 
Professor  of  Chemistry  and  Metallurgy. 

Frederick  William  Sperr,  E.  M.  (Ohio  State  University). 
Professor  of  Civil  and  Mining  Engineering, 

Edgar  Kidwell,  A.  B.,  A.  M.  (Georgetown  University), 
M.  E.  (University  of  Pennsylvania), 
Professor  of  Mechanical  and  Electrical  Engineering. 

Fred  Walter  McNair,  S.  B.f  (University  of  Wisconsin), 
Professor  of  Mathematics  and  Physics. 

Arthur  Edmund  Seaman, 
Instructor  in  Mineralogy  and  Geology. 

Cablton  Franklin  Moore,  E.  M.  (Michigan  Mining  School). 
Instructor  in  Mechanical  Engineering  and  Drawing. 

Miss  Frances  Hanna, 
Librarian  and  Secretary. 

James  Wilton  Shields 
Assistant  in  the  Machine  Shop. 

George  Wass, 
Assistant  in  the  Pattern  Shop. 

Burton  Tyndall  Seeley,  E.  M.  (Michigan  Mining  School) 
Assistant  in  Chemistry. 


Micm&a*  Mures*  Scbool. 
job  k  Pick  Bcssaix.  E.  M. 


Locb  Almto  Wkssbt. 


Hcntr  Gms* 
apply  OerkT  aad  Jaaitac  <rf  Scieaeg  EML 

Patbh.-k  Robzbt  Duxocf, 
eer,  and  Janitor  of  Eaguaegiigg  R«Jt 


Stenographer  and  Typewriter. 

Joe*  BuxAcoan, 
Janitors 
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OFFICERS  OF  THE  MICHIGAN   MINING 

SCHOOL. 


1895—1806. 

Marsh  man  Edward  Wadsworth,  A.  B.T  A.  &  (Bowdoio  College), 

A.  M.f  Ph.  D.  (Harvard  University), 

DIRECTOR, 

Professor  of  Mineralogy,  Petrography  and  Geology. 

George  Augustus  Koenig,  M.  E.  (Polytechnikuoo,  Karlsruhe), 

A.  M.,   Ph.  D.  (University  of   Heidelberg), 

Professor  of  Chemistry  and  Metallurgy, 

Frederick  William  Sperr,  E.  M,  (Ohio  State  University), 
Professor  of  Civil  and  Mining  Engineering, 

Edgar  Kidwell,  A.  B.,  A.  M.  (Georgetown  University), 

M.  E.  (University  of  Pennsylvania), 

Professor  of  Mechanical  and  Electrical  Engineering. 

Fred  Walter  McNair,  S.  B,  (University  of  Wisconsin), 
Professor  of  Mathematics  and  Physics. 

Arthur  Edmund  Seaman,  S.  B.  (Michigan  Mining  School), 
Assistant  Professor  of  Mineralogy  and  Geology. 

Carlton  Franklin  Moore,  E.  M.  (Michigan  Mining  School), 
Instructor  in  Mechanical  Engineering  and  Drawing. 

Miss  Frances  Han'na, 
Librarian  and  Secretary, 

James  Wilton  Shields, 
Instructor  in  the  Machine  Shop. 

George  Wass, 
Instructor  in  the  Pattern  Shop. 


Michigan  Mining  School. 

BtrttTOB  Tyndall  Sselky,  E.  M.  (Michigan  Mining  School). 
Assistant  in  Chemistry. 

Fkeherick  Peck  Burrall,  E.  M.  (Michigan  Mining  School), 
Assistant  in  Chemistry. 

.1  \hes  Fisher,  E.  M.  (Michigan  Mining  School), 
Assistant  in  Mathematics  and  Physics. 

William  John  Sutton, 
Assistant  in  Mineralogy  and  Geology. 

John  Knox, 
Assistant  in  Physics. 

Frederick  Walpole  Hoar, 
Assistant  is  Surveying  and  Mining. 

Gkoroe  Slock,  S.  B.  (Michigan  Mining  School,) 
Assistant  in  Drawing. 

Henry  Gibbs, 
Supply  Clerk,  and  Janitor  of  Science  Hall. 

Patrick  Robert  Dillon, 
Engineer,  and  Janitor  of  Engineering  Hall. 

Miss  Kate  Killian, 
Stenographer  and  Typewriter. 

John  Brimacombe, 
Janitor's  Assistant. 

Hermann  Rumph, 
Engineer's  Assistant. 


FACULTY   OF    THE    MINING    SCHOOL, 


Marshman  Edward  Wadsworth,  A.  M.,  Ph.  D.,  Director, 
Professor  of  Mineralogy,  Petrography  and  Geology. 

George  Augustus  Koenig,  M.  E.,  A.  M.,  Ph.  D,, 
Professor  of  Chemistry  and  Metallurgy. 

Frederick  William  Sperr,  E.  M., 
Professor  of  Civil  and  Mining  Engineering. 

Edgar  Kidwell,  A.  M.,  M.  E., 
Professor  of  Mechanical  and  Electrical  Engine*  ring. 

Fred  Walter  McNair,  S.  B., 
Professor  of  Mathematics  and  Physics. 

Arthur  Edmund  Seaman,  S.  B., 
Assistant  Professor  of  Mineralogy  and  Geology. 

Miss  Frances  Hanna,  Librarian, 
Secretary  of  the  Faculty. 
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GRADUATES. 


1888. 

NAME.  OCCUPATION.  PRESENT  RESIDENCE. 

Harris,  John  Luther,  S.  B., 

Surveyor,  Quincy  and  Torch  Lake  Railroad.  Special 
Coarse,  Massachusetts  Institute  of  Technology,  Boston, 
Mass.  Assistant,  and  later,  Chief  Mining  Engineer, 
Quincy  Mine,  Hancock,  Mich. 

Quincy  Mine,  Hancock,  Mich. 

Lonoyear,  Edmund  Joseph,  S.  B., 

Assistant,  Michigan  Geological  Surrey.  Explorer,  Mee- 
abi  Range,  lftinn.  Superintendent  of  the  Longyear  and 
Bennet  Explorations  on  the  Mesabi  Range,  Minn. 

Ribbing,  Minn. 

Parnall,  Samuel  Alexander,  S.  B., 

Mining  Engineer,  Cleveland  Iron  Mining  Co.  Mining 
Engineer,  Cleveland  Iron  Mining  Co.  and  Iron  Cliffs 
Mining  Co ,  Ishpeming,  Mich.  Superintendent  Old 
Dominion  Copper  Mining  and  Smelting  Co.,  Globe, 
Arizona.  Qlobe,  Arizona. 

Parnall,  William  Edward,  S.  B., 

Superintendent,  Stamp  Mill,  National  Mine,  Ontonagon, 
Mich.  Mining  Engineer  and  Chemist,  Champion  Mine, 
Beacon,  Mich.  Electrical  Engineering  Courses  in  Cornell 
University,  Ithaca,  N.  Y.;  and  Massachusetts  Institute 
of  Technology,  Boston,  Mass.  In  charge  of  the  Installa- 
tion of  the  Electric  Haulage  Plant,  Cleveland  and  Iron 
Cliffs  Mining  Co. ,  Ishpeming,  Mich.  In  charge  of  Instal- 
lation work  for  the  Morgan  Gardner  Electric  Co. ,  Chi- 
cago, m.  Huntington,  W.  Va. 


Michigan  MtsnjrG  School. 

OCCUPATIQlf. 

Rxtn,  William,  S.  B., 

Minn-,  Champion  Mine,  Beacon,  Mich.  Ulnar,  Lake 
Superior  Mine,  Ishpeming,  Mich.  With  R.  J.  Homer, 
i~:  rneo  Door  Hanger  Co..  Borneo,  Mich.  Conductor, 
Wart  End  St.  Ry..  Boston,  Mass.  Fanner,  Lawtey. 
torida.  Clerk,  Baltimore  Dairy  Lunch  Co.,  Boston, 
Mae*  Bottom*, 

Stunts.  James  Besjamei,  S.  R, 

Mi&tng  Engineer  and  Chemist,  Tyler's  Forks  Mine,  Wav, 

wi  Excelsior  Bed  Stone  Co.,  JacoasriDe,  Mich.    Saner- 

iwndent  of  Excelsior  Red  Stone  Co*,  Jaconsvule.  Kch. 

al  Manager,  Mackolite  Fire  Proofing  Co*.  Chicago, 

Chicago,  IU, 

U«*a%  William  Joror,  S.  R. 

^urreyor.  Northern  Michigan  Railroad.  Civil  Engi- 
eer,  Mineral  Range  and  Hancock  and  Calumet  BaB- 
-  >  is.  Cotmty  Surveyor,  Houghton  County.  Suh-In- 
^^rtor.  United  States  Engineers,  Portage  Lake  Ship 
al*.  Draughtsman  Lake  Superior  Iron  Works,  Haa- 
co.-k.Mich.  Boacodt,  Jftea. 


198*. 

Salter  Wilfred  Joseph,  S.  B. 
-istant  Mining  Engineer,  Cleveland  Mine, 
*l      Chief  Mining    Engineer,    Jackson   Iron   Cow. 
-^imee,  Mich.    Mining  Engineer,  Houghton,  Mich. 
ming  Engineer,  Canton  Mine,  Biwaatk,  Mas.    Super- 
Lent  of  work  on  Magnolia  Claim,  Cripple  Creek, 
i  \    Consulting  Mining  Engineer  (Croae  and  Dangler)* 
Denver,  Colo.  Cripple  Oee*\  Colo. 

U  Paul,  S.  B. 

'raa^hfisman,  Colorado  and  Northwestern  Railway,  Pu- 

l .  Colo.  Assistant  Chemist,  Philadelphia  SeaeMag  and 

□  ing  Company,  Pueblo,  Colorado.  Assistant 

l<  >nda  Mining  Company.  Anaconda,  Mont. 

t^hemist.  Santa  Rosa  Consolidated  Miniag  and  Ssaett- 

B  j  Co.,  Musquiz.  Coahoila,  Mexico.  Clril  Engineer,  Deav- 

r  iad  Rio  Grande  Railroad.   Assayer,  A.  M.  Donaldson 

i  Co.,  Denver,  Colo.    Assayer  in  charge,  Assay  Office 

St.  D.  Currigan.  Denver,  Colo.  ifeaser.  Goto 
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NAME.  OCCUPATION.  PRESENT  RESIDENCE. 

Fesino,  Herman  William,  S.  B.,  E.  M.  (1890). 

Assistant  City  Engineer,  Iron  Mountain.  Mich.  Min- 
ing Engineer  and  Chemist,  Hamilton  Ore  Co..  Iron 
Mountain,  Mich.  Civil  and  Mining  Engineer,  Everett, 
Washington.  Fee-Owner's  Agent,  Dunn,  Crystal  Falls  ami 
Columbia  Mines,  Crystal  Falls,  Mich.  Chemist  in  charge 
of  the  Experimental  Laboratory  of  John  T.  Jones,  Iron 
Mountain,  Mich.  Assistant  Superintendent,  Manufacture 
and  Introduction  of  Explosives,  Summit,  III.  Mining 
Engineer,  Dallas,  Texas.  Dalian,  Tturan. 

Hass,  Jacob,  S.  B  ,  E.  M.  (1890). 

Civil  Engineer,  Penokee  and  Gogebic  Consolidated 
Mining  Co. ,  Iron  wood,  Mich.  Assistant  Mining  En  k  i  nee  r . 
Cleveland  and  Iron  Cliffs  Mining  Co.,  Ish  pern  i  tig.  Mich. 
Mining  Engineer,  Skylark  Mines,  Marcus,  Washington. 
Mining  Engineer  and  Assayer,  Midway,  B.  ft  Mining 
Engineer,  Midway,  B.  C.  Midway,  /?,  C. 

Hoatbon,  John,  S.  B. 

Assistant  Mining  Engineer  and  Chemist,  Champion  Mine, 
Beacon,  Mich.  Mining  Captain,  Silver  How  Mine,  Silver 
Bow,  Mont.  Mining  Engineer,  Butte  anil  Boston  Mining 
Co.  Butte  City*  Mont 

Pryor,  Reginald  Chapple,  S.  B. 

Assistant  Civil  Engineer,  Isle  Royale  Land  and  Kxplora- 
tion  Co.,  Isle  Royale,  Mich.  Civil  and  Mining  Engineer, 
Houghton.  Houtjhton,  Mich. 


1890. 

Daniell,  Joshua,  S.  B. 

Assistant  Mining  Engineer,  Tamarack,  Osceola  and 
Kearsarge  Mines,  Opechee,  Mich.  Assayer,  Boston  ami 
Montana  Consolidated  Copper  and  Silver  Mining  Co.. 
Great  Falls,  Mont.  Blast  Furnace  Foreman,  Boston  and 
Montana  Consolidated  Copper  and  Silver  Mining  Co. 

Great  Fails.  Mont. 
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Drake,  Frank,  S.  B. 

Assistant  Mining  Engineer,  Chapin  Mining  Co.,  Iron 
Mountain,  Mich.  Mining  Engineer,  Buffalo  Mining  Co,, 
Negaonee,  Mich.  Graduate  Student,  Michigan  Mining 
School.  Mining  Engineer,  Chapin  Mining  Co.  Student, 
Massachusetts  Institute  of  Technology,  Boston,  Mass. 
Mining  Engineer,  Taylor  and  Bnmtoo,  and  EL  P.  Cow- 
enhoven  and  Co.,  Aspen,  Cola  Superintendent  of  the 
Russian- American  Manufacturing  Co. 'a  Mines  in  Rmwta. 

St.  Petersburg,  Russia. 

Hodgson,  William  Adams,  S.  B. 

Manufacturer  of  General  Cooperage,  Stephens,  Arkan- 
sas.   Graduate  Student,  Michigan  Mining  School. 

Houghton,  Mich. 

Sutton,  Linton  Beach.  S.  B. 

Mining  Engineer  and  Chemist,  Volunteer  Mine,  Palmer, 
Mich.  Chemist,  Chapin  Mining  Co..  Iron  Mountain, 
Mich.  Mining  Engineer,  Tremont  Gold  Mining  and 
Milling  Co.,  Gould,  Montana.  Mining  Engineer  and 
Chemist,  Chapin  Mining  Co.  Iran  Mountain,  Mich. 

Wakefield,  Arthur  Albert,  S.  B. 

Mining  Engineer,  Fronteriza  Silver  Mining  and  Milling 
Co.,  Veiardena,  Mexico.  Mining  Engineer,  Hurley,  Wis. 
Mining  Engineer.  Veiardena,  Mexico. 

Veiardena,  Durango*  Mexico. 
1891. 

Bossebt,  Otto  Henbt,  fi.  M. 

Student  at  the  Bergakademie,  Freiberg.  Saxony.    Assay- 

or,  Bingham  Canyon,  Utah.  Bingham  Canuon,  Utah. 

Denoler,  Theodore,  E.  M. 

Mining  Engineer,  Millie  Iron  Mine,  Iron  Mountain. 
Mich.  Sub-Inspector,  United  States  Engineers,  Port- 
age Lake  Ship  Canals,  Houghton,  Mich.  Mining  and 
Civil  Engineer,  Atlantic  Mine,  Mich.  Consulting  Min- 
ing Engineer  (Croxe  and  Dengler),  Denver,  Colo. 

Denver,  Colo. 

Fink,  Edward,  E.  M. 

Chemist  and  Metallurgist,  with  George  W.  Goetz  and 
Co.,  Milwaukee,  Wis.  Organic  and  Technical  Chemistry , 
Polytechnische  Hochschule,  Chaiiotteuborg,  Prussia. 
Chemist  and  Metallurgist  with  George  W.  Goetz  and 
Co.,  Milwaukee,  Wis.  Milwaukee,  Wis, 
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Lawton,  Nathan  Ouver,  S.  B. 

Chief  Mining  Engineer,  the  Penokee  and  Gogebic  Devel- 
opment Co.,  Iron  wood,  Mich.  Chief  Mining  Engineer 
and  Chemist,  Aurora  Iron  Mining  Co.,  and  City  Engi- 
neer, Bessemer,  Mich.  Bessemer,  Mich. 

1893. 

Abbott,  A.  Arthur,  S.  B.,  (Mich.  Agricultural  College),  E.  M. 
Instructor  in  Drawing,  Surveying,  and  Mechanical  En- 
gineering, Michigan  Mining  School.  Draughtsman,  S. 
E.  Cleaves  and  Son,  Hancock,  Mich.  Civil  and  Mining 
Engineer,  Coulterville,  Cal. 

Coulterville,  Mariposa  Co.,  Cal. 

Chubch,  George  Batchelor,  E.  M. 

Civil  Engineer,  Chicago,  111.  Miner,  Comstock  Silver 
Mine,  Park  City,  Utah.  Mining  Engineer  and  Foreman, 
Comstock  Silver  Mine.  Mining  Engineer  and  Chemist, 
Daly  West  Mine,  Park  City,  Utah.  U.  S.  Deputy  Sur- 
veyor. Park  City,  Utah.- 

Fisher,  James,  E.  M. 

Instructor  in  Drawing,  Y.  M.  C.  A.,  Hancock,  Mich. 
Assistant  in  Mathematics  and  Physics,  Michigan  Mining 
School.  Quincy  Mine,  Hancock,  Mich. 

Gillies,  Donald,  E.  M. 

Assistant  Assayer  of  the  Parrot  Mining  and  Smelting 
Co.,  Butte  City,  Mont.  Assistant  Assayer  and  Draughts- 
man, Montana  Ore  Purchasing  Co.,  Butte  City,  Mont. 
Assayer,  Lost  River  Mining  Co.,  Cliffs,  Custer  Co.,  Ida- 
ho. Surveyor  and  Assistant  Superintendent.  W.  A. 
Clark's  Properties,  Butte  City,  Mont.        Butte  City,  Montana. 

Kirk,  Marcus  Eugene,  E.  M. 

Mining  Engineer  and  Prospector,  Aurania,  Lumpkin  Co., 
Georgia.  Electrical  Engineer,  Missouri  and  Kansas 
Telephone  Co.,  Kansas  City,  Mo.  Kansas  City,  Mo. 

McDonald,  Erwin  Huntington,  E.  M. 

Professor  of  Mining  Engineering,  College  of  Montana, 
Deer  Lodge,  Mont.  U.  S.  Deputy  Mineral  Surveyor, 
Deer  Lodge,  Mont.  Machinist,  Anaconda  Concentra- 
tor, Mont.  Anaconda,  Mont. 


26  Michigan  Mists*;  School. 


SAME.  OCCCFATHW .  FUWl  KlMUKJa 

TfeKSGOTm.  Samuxl  Rixd.  E.  M. 

City  Engineer,  Bed  Jacket,  Mien. 
Gold  Mining  and  Mffiag  Col.  (Ml  3 
mood  ffiD  Mining  Ox ,  St  Loam.  3 
mad  fowmjrr, Office of  1 

Watsks,  Albot  Latcha.  a  &  (Mich.  Agricafcaral  Colbgek  &  M. 

Btw  Springs  MinmgC^.Kne  Springs  Tena.  Aanyer. 
Stiver  Creek  Mining  Ox,  Gooaey,  !«e»  Mexico.  Xigat 
SUmp  Mill  Foreman,  Silver  Creek  Mnuag  Co>  laarrint 
Mine  Sapej  ialeadi!  ■!  aad  Mining  Engineer,  SAver  Creek 
Mining  Co.  Sapply  Cferk.  OU  Doaiinaia  Copper  Mnuag 
aad  Sotelting  C*., Globe,  Ariaona.  Tiartiiw,  Old  Do- 
auntoa  Copper  Mining  aad  fliiwlnag  Co.  fiTajit.  Ariama. 

imL 

Bckxaix,  FfcsnanJCK  Pick,  E.  M. 

Topographer,  Mirfrigaa  Geological  Sartvy.  Haagnaoa. 

Mica.    rflwirtiat  ia  Caeaaatry,  Mcfcnjaa  MiaiMg  ScaooL 

Ifragafna.  Midi 
Colwvxx.  Altud  Bcsi>t.  E.  M. 

f\OTT«t  Mining  Engineer.  Lake  Aage&ae  Miatag  Obl. 

faapeauag.  Mica.    Chenu*.  Batfaio  Miaiag  Col.    Xe- 

gaaaee,  Mich.    Mmin«r  Engineer,  WnUaroa  Iron  Co.* 

bhpenung.    Mica.      Mining   Engineer.  Cripate  Creek. 

Coax   Draaghlmmii,  Sarreyor  Geaatatti (Mht,  ] 

Cokx     Saperiafteadeat.  GottfieJd 

Co..  Tin  Cap,  Cotoc  Tim  Cnav  CWa. 

Dczfiz.  Elxxk  Wkhtl*,  H  M. 

Coacentraftin*  MilL  R.  E.  Lee  SaTerCopaar  3fiaa»Lofan~ 
ban;,  New  Mex»  Sapenalearieat,.  Cbacvatrariag  Mill. 
B.  E.  Lee  SilTer-Copper  Mine.  Lordator^  Xew  Mer. 

Err.  Joes  Hes*y.  E.  M. 

Cbril  Engineer  and  Ifeao^ti&man  for  Penasy  Waaai  Trac- 
tion Co. „  Lancaster.  Pa.  Draagnanaa  far 
and  lieadersott.  Civil  Engineers*  Lancaster.  Pa* 
in#  Engineer,  Minnesota  Mine  of  ta*  Miniarnnti  Iroa  Cow 
Soa*ian.  Minn.  Tmwiin,  Miw 

HabjuSv  Hksbsst  Jeas.  &  8.  vCniversiry  of  WaroasaaX  E.  M. 
Engineer.    LUlo*>&   and    Mrastsstppt  CaaaL      ITngiTii 
tXmJbi*  Track  Work.  Madison  Dtvaagav  Chicago  aad 
Northwestern  Rail  way.  PaiViajn   /ft. 
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Jones,  Maurice  Lindley,  E.  M. 

Transit-man  for  Government  Engineers,  Eastern  Divis- 
ion, Hennepin  Canal,  Bureau,  111.  Inspector,  Illinois 
and  Mississippi  Canal.  Bureau,  IlL 

Kirchen,  John  George,  E.  M. 

Assistant  Surveyor,  Trap  Rock  River  Railroad.      Ass 
ant  Mining  Engineer,  Quincy  Mine,  Hancock,  Mich. 

Hancock,  Mich. 

Knight,  John  Alexander,  E.  M. 

Chemist,  Illinois  Steel  Company,  Chicago,  111. 

9057  Commercial  Avenue ,  Chicago,  1  It. 

McDonald,  William  Neal,  E.  M. 

Practical  Mining,  National  Mine,  Ontonagon,  Mich, 
Sub- Inspector,  United  States  Engineers,  Portage  Lake 
Ship  Canals,  Houghton,  Mich.  Assistant  Mining  Engi- 
neer, Cleveland  and  Iron  Cliffs  Mining  Co.,  Ishpeming, 
Mich.  Assistant  Surveyor,  Isle  Royale  Co..  Isle  Royale, 
Mich.  Assistant  Surveyor,  Atlantic  and  Salmon  Trmit 
River  Railroad,  Atlantic  Mine,  Mich.  Assistant  Sur- 
veyor, with  J.  P.  Edwards,  C.  E.,  Houghton,  Mich, 
Sub-Inspector,  United  States  Engineers,  Portage  Lake 
Ship  Canals.  Houghton,  Mich. 

McFarlanb,  George  Campbell,  E.  M. 

Mining  Engineer,  Lemhi  Mining  Co. 

QibbonsviUe,  Lemhi  Co.,  hit  fo .-. 

Mason,  Clarence  George,  E.  M. 

Assistant  Inspector,  United  States  Engineers,  Portage 
Lake  Ship  Canals.  Chemist  and  Engineer,  Jackson  antt 
Negaunee  Mines,  Negaunee,  Mich.  Negaunee,  Mich, 

Mason,  Russell  Teal,  E.  M. 

Assistant  in  Physics,  Michigan  Mining  School.  Secre- 
tary of  the  University  of  Colorado,  Boulder,  Cnlo. 
Assistant  in  Mining  and  Surveying,  Michigan  Mining 
School.  Assistant,  Michigan  Geological  Survey,  Hough* 
ton,  Mich.  Houghton ,  Mich . 

Moore,  Carlton  Franklin,  E.  M. 

Assistant  in  Chemistry,  Michigan  Mining  School.  In- 
structor in  Mechanical  Engineering  and  Drawing,  Mich- 
igan Mining  School.  Hought'itt,  Mich, 
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RtDLET,  FREDERICK  WlLLlAM.  IL  M. 

Assistant  Mining  Engineer.  Calumet  and  Heda  Mining 
Co.,  Ca'trmet,  Mich.  MecbasacsJ  Engineer,  in  enarg*  of 
Experimental  Work*  Calumet  and  Hecia  Mining  Co. 

Lake  Limdem,  Mkh. 

Roceke,  Jerry,  E.  M. 

Crril  and  Mining  Engineer,  Hancock.  Mich.  Civil 
Engineer,  Cripple  Creek,  Colo.  Mining  Engineer, 
Michigan  Gold  Mining  and  Milling  Co.,  Cripple  Greek, 
Colo.  Mining  Engineer,  Cripple  Creek  Gold  Mining  and 
Development  Co.  DwVms,  Oofo. 

Seelet,  BuKTOff  Tttoall,  EL  M. 

Assistant  in  Chemistry,  Michigan  Mining  School. 

Bomghtam.  Midu 

Wraith,  William,  E.  M. 

Resident  Engineer  for  Canon  City  Goal  Co.,  RockT&le, 
Colo.  Engineer  for  Vnknn  Fuel  Co.,  aft  Newcastle, 
Colo.  Jteeftnmfe,  CW6. 

1896. 

Barlow,  Royce  Elwct,  S.  B ,  E.  M. 

Assistant  Electrical  Engineer.  Chicago  Traction  Co* 

So.  i»Si)  Unify  BmOdimg.  Ckiemgo,  11L 

Cakero*,  William  McCallcm,  S.  B.,  E.  M. 

Assistant  Engineer,  with  Union  Leasing  and  Mining  Co., 
Leadville,  Colo.  Mining  Engineer,  Small  Hopes  Consol- 
idated Mining  Co.,  Lendville,  Colo.  LmchriOe,  Coto- 

Close,  Fred  Baolet,  S.  B. 

Engineering  Office.  Hancock,  Mich.  Aaststaitt  in  office 
of  C.  B.  Davis,  C.  E..  Chicago,  I1L  Engineer,  West  Bluff 
Sewer  System,  Peoria,  ILL  Assistant  Chief  Engineer  of 
Calumet  and  Blue  bland  R.  R.  Chicago.  Civil  Engi- 
neer, Chicago  Heights'  Land  Association,  Chicago*  UL 

Chicago,  IlL 

Colemas,  Milton  Watson,  S.  B.,  E.  M. 

Chemist,  Ropes  Gold  and  Silver  Mining  Co,,  Ishneining, 
Mich.  Mpemsma  Mick. 

Dyer,  Holmes  Hayward,  E.  M. 

Inspecting  Engineer,  Ishpeming  Sewer  System.  Assist- 
ant Mining  Engineer,  Cleveland  and  Iron  Cliffs  Mt»i^g 
Go's.,  Ishpeming.  Mich.  Electrical  Engineer  and  Super- 
intendent of  Public  Works,  Stanton*  Mich.  Imismnt 
Mining  Engineer,  Cleveland  and  Iron  Cliffs  Mining  Co.  *s. 
Mining  Engineer,  Old  Dominion  Copper  Mining  and 
Smelting  Co.,  Globe,  Arizona.  GZooe,  Ari&ma. 
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name,                         occupation.  present  residence. 
Emlaw,  Harlan  Stiqand,  S.  B.,  E.  M. 

Draughtsman,    Midland    Terminal  Railway,    Cripple 

Creek,  Colo.    Transit  man  with  U.  S.  Deputy  Mineral 

Surveyor.  Cripple  Creek,  Colo. 

Holbert,  Henry  Hoffman,  S.  B.,  E.  M. 

Mining  Engineer,  Low  Moor  Iron  Co.,  Low  Moor,  Va. 

Low  Moor,  Va. 

Honnold,  William  Lincoln,  E.  M. 

Assistant  Superintendent,  Mahoning  Ore  Co.,  Hibbing, 
Minn.  Hibbing,  Minn. 

Martin,  Nicholas  John,  S.  B.,  E.  M. 

Oiler  and  Lighter,  Drake  and  Stratton,  Oliver  Mine,  Vir- 
ginia, Minn.  Conductor  on  Stripping  Train,  Oliver 
Mine.  Time  Keeper,  Canton  Mine,  Biwabik,  Minn. 
Assistant  Engineer  to  City  Engineer  and  to  Engineer 
for  Consolidated  Mining  Co.  on  Mesabi  Range,  Minn. 

Virginia,  Minn. 

McDonald,  Ronald  H.,  S.  B. 

Assistant  Surveyor,  Quincy  and  Torch  Lake  R.  R.,  Han- 
cock, Mich.  Assistant  County  Surveyor,  Houghton 
County.  A8sayer  and  Chemist,  Tamarack-Osceola 
Manufacturing  Co.,  Dollar  Bay,  Mich.  Chemist  and 
A8sayer,  Lake  Superior  Smelting  Co.,  Hancock,  Mich. 

Dollar  Bay,  Mich. 

Murray,  Robert,  Jr.,  S.  B.,  E  M. 

Mining  Engineer,  Loretto  Iron  Co.,  Loretto,  Mich. 

Loretto,  Mich. 

Palmer,  Edward  Vose,  E.  M. 

Transit-Man,.  Duluth,  Mesabi  and  Northern  R.  R.,  Minn. 
Assistant  Mining  Engineer,  Queen  Iron  Mining  Co., 
Negaunee,  Mich.  Mining  Engineer  and  Chemist,  Queen 
Iron  Mining  Co.  Secretary  and  Superintendent,  Tender- 
foot Hill  Tunnel  Gold  Mining  and  Milling  Co.,  Cripple 
Creek,  Colo,  Cripple  Creek,  Colo. 

Orr,  John  Forrest,  S,  B.,  E.  M. 

Mining  Engineer,  El  Concheno,  Mexico. 

El  Concheno,  Mexico. 

Ropes,  Lk,verett  Smith,  S.  B. 

Explorer  for  Corundum,  Messrs.  Hamlin  and  Kline,  De- 
troit, Mich.  Mining  Engineer,  American  Corundum, 
Co.,  Franklin,  N.  Q.  Franklin.  N.  C, 


MiorasAjr  Mmxc  School. 


/rwBttt,  Wis. 
Sk&mas.  Aaraira  EMrrsi>.  S.  BL 

Xarqwne.  and  H««teaB.  Kck.  AmHM  io  Matial- 
ogy  and  Geok«T.  IfirihagMi  Haaa%  SdkooL  Iactractor 
m  lliaesafcer  ui  G*c*cgr.  Keaaga*  Ulaa^  ScfcooL 
AaartaBt  Vret eaw  of  Xi»nic^  sid  G«ioia^.  Mk^emii 
IGbsps  School  AnjUo*,  Jfic*. 

Slocx,  Gikmsgk.  &  R 

ta  Drawing.  Jfka^ao  Haak^  ScaooL     Ia- 
LS.aadL  Ejv.  ttair^agttaK  Kck. 

*aaaaiawaj,  MnCwkm 
Stkeb&hjul.  X  ssre,  Jt,  S.  B ...  E  aL 

Examiner  aarf  Reporter  of  \*cA&  KaeSs  .Mgoaam  Dnttrict, 
Octane*.  GubmJol  Boi^  BnoOAer  «n  ta*  Cbmbad, 
Lenin  aad  WWii«IL  R,  TfrAe&s  fariagyt  Oau,  Toledo. 
Ofcxu    lfaia-;gg  F^pnfter.  Ony^A*  Oneek,  Cola. 

n%pii  ri  mil,  cuo. 

TCtWOL  LOOS  LiC'TT2,3.,  E   M. 

Sab^Lafy^rtor  om  RwdU?&,  rxaaei  States  Eo^baaen. 
Grow  Pja&t.  Jiirik  Itning  TTiajiaM  ■  Cbofcfa  Islet* 
Alaska.  OaarsiaM^^Uaafca. 

Vrn  %n„  Wmiii  Ekjl^ttn.  S.  R,  E  H 

Ea^rmwr  and  Cfcamast.  Caxioa  IroaOb^  ITia  iWi  Unam. 
E^i&wr.  MiTozxp  IVfmrtXDflEi.  *r»Tt  CSty  Saasttiag 
aai  Be£&3s«  Oc*..  Sim*  X*jaaa»  OeotaaU,  alexin. 

Awrrw  JAgia***  OtaafcaahL  Jfexaeo, 
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Watson,  John  Bone,  S.  B.,  E.  M. 

Assistant  Engineer  and  Chemist,  Tamarack  and  Osceola 
Mines,  Calumet,  Mich.  Opeehev,  Mich* 


PRESENT  LOCATION  OF  GRADUATES. 


STATES  AND  COUNTRIES. 

Alaska 1 

Arizona 

British  Columbia fc 1 

California .._, 1 

Colorado 10 

Idaho .^ 2 

Illinois  i ._,, 6 

Massachusetts _.,,-, 1 

Mexico __._ .......  3 

Michigan.... ..„„.,_  23 

Minnesota ,   

Missouri 1 

Montana ..-..._. 4 

New  Mexico I 

North  Carolina t 

Russia -- 1 

Texas 1 

Utah 

Virginia 2 

West  Virginia 

Wisconsin 

Ml 
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REQUIREMENTS    FOR    ADMISSION. 


1897-1898. 

Students  may  enter  in  1896,  under  the  conditions  published 
in  the  catalogue  for  1892-1894,  which  will  be  sent  on  request. 

Students  who  desire  to  enter  as  candidates  for  degrees,  or 
to  pursue  special  studies  are  admitted  under  the  elective 
system  through  examination,  exhibition  of  diploma,  special 
certificate,  or  on  presentation^  evidence  that  they  arc  pre- 
pared to  follow  with  profit  the  special  studies  thoy  elect- 
Detailed  conditions  for  each  of  these  cases  are  subjoined. 

ADMISSION   BY    DIPLOMA. 

A  graduate  of  a  high  school  or  academy  will  be  admitted 
upon  presentation  of  his  diploma,  provided  the  school  from 
which  he  received  it,  conforms  to  the  following  conditions: 
The  school  in  question  is  to  give  a  course  of  instruction  in- 
cluding all  subjects  embraced  in  the  Mining  School's  require- 
ments for  admission  through  examination,  in  addition  to 
such  other  studies  as  that  school  may  consider  it  desirable  for 
its  students  to  follow.  The  principal  or  superintendent  is 
to  send  to  the  Director  of  the  Mining  School  a  copy  of  the 
course  of  study,  list  of  text-books  employed,  and  copies  of 
examination  papers  actually  used  in  the  school  examina- 
tions. If  these  are  satisfactory  the  school  will,  upon  request, 
be  placed  upon  the  accredited  or  diploma  list  of  the  Michi- 
gan Mining  School,  which  is  hereafter  to  be  published. 

The  authorities  of  all  schools  included  in  this  list  must  send  to  the 
Director   of   the  Mining   School    prompt   notice    of    any    subee 
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quent  changes  of  principals,  superintendents  or  courses  of  study, 
otherwise  their  diplomas  will  not  be  accepted  as  fulfilling  the  require- 
ments for  entrance  to  this  school. 

If  it  shall  subeeqently  be  found  that  any  student  admitted  upon 
the  presentation  of  his  diploma,  was  imperfectly  prepared,  he  will 
excluded  from  the  Mining  School  until  his  deficiencies  are  made  up; 
and  the  school  responsible  for  such  deficiencies  shall  be  stricken  from 
the  diploma  list 

To  indicate  to  the  high  schools  the  courses  of  study  which  the 
Mining  School  deems  most  advantageous,  the  following  courses  have 
been  prepared: 

COURSE    OP    STUDY,    HIGH    SCHOOL. 

NINTH    YEAR  OR  GRADE. 

(  English  Composition  and    Literature, 
First  Half  Year.      <     Aritb«etic  (Advanced  and  Commer- 
(     cial),     Zoology,     French. 

C  English  Composition  and  Literature, 
Second  Half  Year.    <      Physiology,  Book-keeping  and  Basi- 
(     ness  Law,  French. 

TENTH   YEAR  OR  GRADE. 

First  Half  Year,  j  ^jj..  Algebra'  G<meral  History> 
Second  Half  Year.    {^^^^     GeDeral     HUt°ry' 

ELEVENTH   YEAR  OR  GRADE. 

«.    iiri/rr  (  Civil  Government,  Geometrv,  Political 

First  Half  1  ear.      -J     Economy>  German. 

Second  Half  Year.    j  BoSaSe0raet^y,  P°UtiCal  Economy' 

TWELFTH   YEAR  OR   GRADE. 

First  Half  Year.  \  ^J^^^^1'  ^^  *"* 
Second  Half  Yea,   j  P^  ^T^   Ph3rsical   Geog- 
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if  it  should  be  deemed  more  convenient  for  the  school  to  mass  its 
language  work  in  the  first  two  years,  and  the  mathematics  and  sci- 
ence in  the  next  two,  the  following  course  is  recommended: 

COURSE  OP  STUDY,  HIGH  SCHOOL. 

(Two   Years  Languages,   Two  Years  Science  and  Mathe- 
matics.) 

NINTH  YEAR  OR  GRADE. 

(     English  Composition  and  Literature, 
First  Half  Year.     <     Arithmetic  (Advanced  and  Commer- 
(     cial),  Frencn,  German. 

Q„»„,j  u~if  v»„~    j  English  Composition  and  Literature, 
Second  Half  Year,    j     ^ivii  Government,  French,  German. 

'         TENTH  YEAR  OR  GRADE. 

First  Half  Year.     \  Physiology,  General  History,  French, 
J  *      (     German. 

Second  Half  Year.  \  Book-keeping  and  Business  Law,  Gen- 
^  J  \     eral  History,  French,  German. 

ELEVENTH  YEAR  OR  GRADE. 

First  Half  Year.    <{  Rhetoric,  Algebra,  Geometry,  Zoology. 
Second  Half  Year.  «{  Logic,  Algebra,  Geometry,  Botany. 

TWELFTH  YEAR   OR  GRADE. 

JM  HW  Tnr     \  ^^SS&n^0*1  *" 

AW  Sat/  ™,  {^ff^^  *%«<»>  G-W- 

The  courses  of  study  just  given  are  published  simply  to 
point  out  clearly  the  work  which  experience  has  demonstrated 
students  should  take  before  matriculating  at  the  Mining 
School.  That  a  student  may  be  admitted  to  full  standing 
the  Mining  School  finds  it  essential  to  demand  that  he  shall 
have  a  thorough  knowledge  of  Arithmetic,  Metric  System, 
Book-keeping  and  Commercial  Law,  Algebra,  Plane,  Solid 
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and  Spherical  Geometry,  Physics,  Astronomy  and  English 
Composition. 

These  branches  excepted,  it  leaves  to  the  judgment  of  the  local 
school  authorities  the  arrangement  of  the  course  and  the  selection  of 
the  studies  to  be  taught  in  the  school.  It  does  not  concern  itself  with 
the  number  or  nature  of  these  studies  but  asks  how  efficiently  they 
are  taught;  it  wishes  to  know  if  the  student  has  gone  through  them 
instead  of  over  them.  Instruction  in  the  common  branches,  includ- 
ing Arithmetic  and  United  States  History,  is  expected  to  precede  the 
entrance  to  the  high  school  Any  other  languages,  ancient  or  mod- 
ern, except  English,  can  be  substituted  for  the  French  and  German. 
It  is,  however,  especially  requested  that  instruction  in  Chemistry  and 
Geology  be  entirely  omitted  when  preparing  pupils  for  the  Michigan 
Mining  School,  as  it  is  found  that  much  better  results  are  obtained 
if  the  student,  previous  to  entering  this  school,  devotes  all  his 
time  to  the  other  branches  already  enumerated. 

If  students  are  to  achieve  success  here,  it  is  imperative  that  they  be 
able  to  collate  facts,  reduce  them  to  order,  draw  sound  conclusions 
from  them,  and  use  with  facility  the  knowledge  thus  gained.    All 
subjects  of  study,  whether  taught  here  or  required  for  entrance,  are 
regarded  by  the  Mining  School  as  merely  so  many  tools  which  the 
student,  in  proportion  to  the  excellence  of  his  training,  can  use  to  ad- 
vantage in  shaping  his  future.    The  necessity  for  a  daily  drill  in 
reasoning  out  fully,  and  applying  through  varied  methods,  the  funda- 
mental principles  of  each  subject  of  study  cannot  be  too  strongly  im- 
pressed upon  teachers;  without  it  no  educational  results  of  sterling 
value  can  be  obtained.  The  Mining  School  has  frequently  found  that 
its  matriculates  knew  a  little  of  everything,  but  very  little  of  any  one 
thing;  they  knew  facts  but  no  explanation  of  these  facts.    Their 
knowledge  was  almost  valueless,  because  they  lacked  the  training 
which  could  enable  them  to  use  it.  These  evils  are  not  more  common 
to  graduates  of  high  schools  than  of  colleges  and  universities,  and 
they  demonstrate  that  the  failure  to  teach  men  to  reason  critically 
is  the  chief  defect  of  American  education.    Students  are  literally 
stuffed  with  facts  gathered  from  all  departments  of  knowledge,  and 
by  the  time  this  heterogeneous  mass  has  been  swallowed  no  energy  is 
left  to  digest  it;  hence  but  little  development  of  the  intellectual  or 
reasoning  faculties  is  possible,  and  the  very  object  of  all  education  is 
defeated.    The  Mining  School  considers  such  teaching  a  great  evil, 
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and  urges  all  who  are  preparing  students  for  it  to  see  that  fewer  sub- 
jects than  usual  are  taught,  but  that  the  instruction  In  them  is  such 
that  memorizing  is  prevented,  while  the  intellect  is  strengthened 
and  sharpened  by  constant  exercises. 

The  following  text  books  will  give  a  fair  idea  of  the  guide  of  work 
desired.  In  many  cases,  several  books  are  recommended  because 
conditions  vary  in  different  schools,  and  a  work  that  is  suitable  for 
one  institution  is  often  ill  adapted  to  the  needs  of  another. 

Other  books  in  this  list  are  named  because  they  are  considered  to 
be  the  best  works  available  for  the  use  of  those  schools  which,  either 
through  necessity  or  choice,  have  not  introduced  the  modern  labora- 
tory method  of  instruction. 

ALGEBRA. 

Smith's  Elementary  Algebra,  Irving  Stringha 

Macmillan  &  Co..  New  York. 

Hall  and  Knight's  Elementary  Algebra,  or  Algebra  for  Beginners, 

F.  L.  Sevenoak. 

Macmillan  &  Co, »  New  York, 

School  Algebra,  College  Algebra  or  Higher  Algebra,  G.   A.  Went- 
worth. 

Ginn  &  Co,,  Boston* 

Higher  Algebra,  George  Lilley. 

Silver,  Burdetfc  &  Co.,  Boston. 

Text  Book  of  Algebra,  Joseph  V.  Collins. 

Albert,  Scott  &  Co.,  Chicago. 

School  Algebra  or  University  Algebra,  Van  Velzer  am)  Slichter. 

Tracy,  Gibbs  &  Co.,  Madison,  Wis, 

Jones*  Drill  Book  in  Algebra,  Geo.  W.  Jones. 

It  Km 'a,  New  York. 

ARITHMETIC. 

Robinson's  New  Higher  Arithmetic. 

American  Book  Company,  Ni*w  Yuri*. 

Smith's  Arithmetic,  C.  L.  Harrington. 

Macmillan  <$:  Co..  New  YorV, 

High  School  Arithmetic,  Wentworth  and  Hill. 

Ginn  &  *  "o  .  Hosion. 
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astronomy. 

Lessons  in  Astronomy,  Charles  A.  Young. 

Ginn  &  Co.,  Boston. 

BOOK-KEEPING    AND  BUSINESS  LAW. 

Practical  Business  Book-Keeping,  Manson  Seavy. 

D.  C.  Heath  &  Co.,  Boston. 

Manual  of  Business  Book-Keeping,  A.  L.  Gilbert. 

Albert,  Scott  &  Co.,  Chicago. 
Complete  Practical  Book-Keeping. 

The  Practical  Text  Book  Co.,  Cleveland. 

Business  Law,  Alonzo  R.  Weed. 

D.  C.  Heath  &  Co.,  Boston. 

BOTANY. 

Introduction  to  Botany,  Yolney  M.  Spalding. 

D.  C.  Heath  &  Co.,  Boston. 
Lessons  and  Manual  of  Botany,  Asa  Gray. 

American  Book  Company,  New  York. 

CIVIL  GOVERNMENT. 

Civil  Government  in  the  United  States,  John  Fiske. 

Houghton,  Mifflin  &  Co.,  Boston. 

The  American  Civil  Government,  B.  A.  Hinsdale. 

The  Werner  Co.,  Chicago. 

The  American  Citizen,  Charles  F.  Dole. 

D.  C.  Heath  &  Co.,  Boston. 

Young's  Government  Class  Book,  Salter  S.  Clark. 

Maynard,  Merrill  &  Co.,  New  York. 

Our  Government,  Jesse  Macy. 

Ginn  &  Co.,  Boston. 

The  Government  of  the  United  States,  W.  J.  Cocker. 

Harper  &  Brothers,  New  York. 

The  Government  of  the  People  of  the  United  States;  or  A  Course  in 
Civil  Government.    Francis  Newton  Thorpe. 

Eldridge  &  Brothers,  Philadelphia. 
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civil  government,  michigan. 

The  Government  of  the  People  of  the  State  of  Michigan t  Julia  Anne 

King. 

Eldridgo  A  Brothers,  Philadelphia, 

Elements  of  Civil  Government  of  the  State  of  Michigan,  Andrew  C* 

McLaughlin. 

Silver,  Burdett  &  Co.,  Boston. 

Civil  Government  of  Michigan,  H  R.  PattengilL 

Robert  Smith,  Lansing,  Michigan, 

CIVIL  GOVERNMENT,    BRITISH    EMPIRE, 

How  We  Are  Governed,  W.  J.  Gordon. 

Frederick  Warne  &  Co, ,  New  York, 

COMPOSITION. 

English  Composition,  Barrett  Wendell. 

Charles  Soribner's  Sons,  New  York. 

Hand-Book  of  English  Composition,  J.  M.  Hart. 

Eidridge  &  Brothers,  Philadelphia. 
Also  see  Rhetoric. 

FRENCH. 

French  Grammar,  A.  P.  Huguenet. 

Hirsch  field  Brothers,  New  York. 

French  Grammar,  A.  Hjalmar  Edgren. 

D*  C,  Heath  &  Co.,  Boston, 

Selected  readings,  particularly  of  "Scientific  French/1, 

GEOMETRY. 

Plane  and  Solid  Geometry,  VanVelzer  and  Shu  its, 

Tracy,  Gibl*s  &  Co.,  Madison,  Wis. 

Plane  and  Solid  Geometry,  Beman  and  Smith, 

Ginn  &  Co. ,  Boston. 

Elements  of  Geometry,  G.  C.  Edwards. 

Mao  mi  Han  <fc  Co,,  New  York, 

Chauvenet'8  Geometry,  W.  E.  Byerly. 

J.  B.  Lippincott  Co.,  Philadelphia, 

White's  Elements  of  Geometry,  John  Macnie. 

American  Book  Company,  New  York* 
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ge5eral  history. 

General  History,  P.  V.  N.  Myers. 

Gins  A  Co.,  Boston. 

Studies  id  General  History,  Mary  D.  Sheldon. 

D  C.  Heath  ft  Coc,  Boston. 

GERMAN. 

WflfiaaBd  Collar. 


Gum  ft  Co.,  Boston. 

German  Grammar,  C.  Brenkmann. 

HirschfieM  Brothers.  New  York. 

Meissoer's  German  Grammar,  Edward  S.  Joynes. 

D.  C.  Heath  ft  Co.,  Boston. 

German  Science  Reader,  J.  Howard  Gore. 

D.  C.  Heath  ft  Co.,  Boston. 

Course  in  Scientific  German,  H.  B.  Hodges. 

D.  C.  Heath  ft  Co.,  Boston. 

niSTORY   OF  THE  UNITED  STATES. 

History  of  the  United  States,  John  Fiske. 

Houghton,  Mifflin  ft  Co.,  Boston. 

American  History,  D.  H.  Montgomery. 

Ginn  ft  Co.,  Boston. 

History  of  the  United  States,  Allen  C.  Thomas. 

D.  C.  Heath  ft  Co.,  Boston. 

The  United  States,  Alexander  Johnston. 

Charles  Scriboer's  Sons,  New  York. 

LITERATURE. 

Masterpieces  of  British  Literature. 

Houghton,  Mifflin  ft  Co.,  Boston. 

Masterpieces  of  American  Literature. 

Houghton,  Mifflin  ft  Co.,  Boston. 

A  Ontury  of  American  Literature,  Huntington  Smith. 

Thomas  Y.  Crowell  ft  Co.,  New  York. 

Introduction  to  English  Literature,  F.  V.  N.  Painter. 

Leach,  Shewell  ft  Sanborn,  Boston. 
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Essential  Studies  in  English  and  American  Literature,  James  Bald- 
win. 

John  E.  Potter  &  Co.,  Philadelphia. 

A  Hand  Book  of  Literature,  Esther  J.  Tremble. 

Eldridge  &  Brother,  Philadelphia. 

Studies  in  English  and  American  Literature,  Albert  N.  Raub. 

Raub  &  Co.,  Philadelphia. 

LOGIC. 

The  Principles  of  Science,  W.  Stanley  Jevons. 

Macmillan  &  Co.,  New  York. 

Elementary  Lessons  in  Logic,  W.  Stanley  Jevons. 

Macmillan  &  Co.,  New  York. 

Logic,  Inductive  and  Deductive,  William  Minto. 

Charles  Scribner's  Sons,  New  York. 

Logic  and  Ontology,  or  General  Metaphysics,  Walter  S.  Hill. 

John  Murphy  &  Co.,  Baltimore. 

PHYSICAL  GEOGRAPHY. 

Elementary  Physical  Geography,  Ralph  S.  Tarr. 

Macmillan  &  Co.,  New  York. 

The  Realm  of  Nature,  Hugh  Robert  Mill. 

Charles  Scribner's  Sons,  New  York. 
The  Elements  of  Physical  Geography,  Edwin  J.  Houston. 

Eldridge  &  Brothers,  Philadelphia, 

Complete  Geography,  Alex.  Everett  Frye. 

Ginn  &  Co.,  Boston. 

Maury's  Physical  Geography,  Mytton  Maury. 

University  Publishing  Co.,  New  York* 

PHYSICS. 

A  Text  Book  of  Physics,  Hall  and  Bergen. 

Henry  Holt  &  Co.,  New  York. 

Principles  of  Physics,  or,  Introduction  to  Physical  Science,  A.  P., 

Gage. 

Ginn  &  Co.,  Boston. 

Elements  of  Physics,  Carhart  and  Chute. 

Allyn  &  Bacon,  Boston. 
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Physical  Laboratory  Manual,  H.  N.  Chute. 

D.  C.  Heath  &  Co.,  Boston. 
Elements  of  Physics,  S.  P.  Meads. 

Silver,  Burdett  &  Co.,  Boston. 

Physics  by  Experiment,  Edward  R.  Shaw. 

Maynard,  Merrill  &  Co.,  New  York. 

..rO  -    .Iim...   PHYSIOLOGY. 
The  Essentials  of  Health,  Charles  H.  Stowell. 

Silver,  Burdett  and  Co.,  Boston. 

Physiology  for  Beginners,  Foster  &  Shore. 

Macmillan  &  Co.,  New  York. 

An  Academic  Physiology  and  Hygiene,  Brands  and  Gieson. 

Leach,  Shewell  &  Sanborn,  Boston. 

Comprehensive  Physiology,  John  C.  Cutter. 

J.  B.  Lippincott  Co.,  Philadelphia. 

Physiology  and  Hygiene,  Joseph  C.  Hutchinson. 

Maynard,  Merrill  &  Co.,  New  York. 
Human  Physiology,  John  Thornton. 

Longmans,  Green  &  Co.,  New  York. 

POLITICAL  ECONOMY. 

Outlines  of  Economics,  Richard  T.  Ely. 

Hunt  &  Eaton,  New  York. 

Political  Economy  for  Beginners,  Millicent  Garrett  Fawcett. 

Macmillan  &  Co.,  New  York. 

Political  Economy  for  American  Youth,  Jacob  Harris  Paton. 

A.  Lovell  &  Co.,  New  York. 

RHETORIC. 

Foundations  of  Rhetoric,  A.   S.  Hill,  with  Practical  Exercises  in 

English,  Huber  Gray  Buehler. 

Harper  &  Brothers,  New  York. 

A  Text-Book  on  Rhetoric,  Brainard  Kellogg. 

Maynard,  Merrill  &  Co.,  New  York. 

Elementary  Composition  and  Rhetoric,  William  Edward  Mead. 

Leach,  Shewell  &  Sanborn,  Boston. 

Composition  and  Rhetoric,  William  Williams. 

D.  C.  Heath  &  Co.,  Boston. 
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Practical  Rhetoric  and  Composition,  Albert  N.  Kaub. 

Raut>&  Co.,  Philadelphia 
Exercises  in  Rhetoric  and  Composition,  .G.  R.  Carpenter* 

'Macmillan  &  Co.,  New  York. 

TRIGONOMETRY. 

Plane  Trigonometry,  S.  L.  Loney. 

Macmillan  &  Co. ,  New  York. 

Elementary  Trigonometry,  Hall  and  Knight. 

Macmillan  &  Co, ,  New  York. 

Plane  and  Spherical  Trigonometry,  H.  N.  Wheeler. 

tiinu  &  Co.  t  Boston. 

Elements  of  Trigonometry,  Edwin  S.  Crawley. 

J.  B.  Lippincott  &Co  ,  Philadelphia. 

ZOOLOGY. 

Orton  s  Comparative  Zoology,  Charles  Wright  Dodga. 

Harper  &  Brothers,  New  York. 
Introduction  to  the  Study  of  Zoology,  B.  Lindsay ■ 

Macmillan  &  Co. ,  New  York. 

METHODS  OF  INSTRUCTION. 

Since  experience  shows  that  certain  methods  of  instruction  yield 
better  results  than  others,  and  that  a  practical  education  demands  a 
much  more  intimate  acquaintance  with  some  parts  of  subjects  than 
with  others,  some  suggestions  regarding  the  teaching  of  many 
high  school  studies  are  here  given. 

ASTRONOMY. 

Preparatory  work  in  Astronomy  is  desired  for  two  purposes.  One: 
For  use  in  Surveying  and  other  engineering  work-  Two:  As  a 
rational  foundation  for  a  philosophical  treatment  of  geological  prob- 
lems. 

The  pupils  should  be  thoroughly  prepared  in  all  subjects  given  in 
Young's  Lessons  in  Astronomy,  paying  particular  attention  to  those 
studied  in  chapters  I.,  III.,  IV.,  V..  VI.,  VII. ,  VIIL.  IX  .tX.,XIf|lri  , 
and  XIV. 

BOOKKEEPING    AND    BUSINESS    LAW. 

The  pupil  should  master  the  principles  of  single  and  double  entry, 
business  forms,  the  laws  of  contracts,  and  such  general  principle*  ns 
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BOTAST. 


In  Botany  it  is  desired  that  ube  mstractiaa  shall  cover  1 
cation  of  pUm&ait  prrjiaratyai  for  the  safcaaquea*  study  of  Eco- 
ncuue  Botany  and  Pabraattotogy. 

The  t4ud>»t  should  also  be  made  acvjuainted  with  as  many  as  prac- 
ticable of  the  useful  trees  and  other  plants  growing  in  the  locality 
where  he  is  making  has  studies. 

CIVIL   l»0VERXME3TT. 

In  this  subject  the  pupO  should  be  thoroughly  taught  the  princi- 
ples which  underlie  our  municipal,  state  and  mtioml  governments, 
and  his  duties  and  rights  as  a  law-abiding  cit-aen.  The  principles  of 
government  are  desired,  rather  than  special  details  of  their  construo- 
tiou  in  laws  and  < 


EXGLI>H    LITERATURE,    i«»MPO>ITlOX   A2S1>   RHETORIC. 

The  student's  success  in  meeting  the  ever  increasing  competitkHi 
of  our  modern  civilization  demands  of  him  an  ability  not  only  to 
produce  ideas,  but  to  state  them  briefly,  forcibly  and  clearly;  teach- 
ers are  therefore  urged  to  give  special  attention  to  the  above  named 
subjects. 

Through  literature  the  pupQ  should  gather  a  knowledge  of  the 
methods  of  expression  employed  by  the  beat  writers:  the  training  in 
composition  and  rhetoric  should  then  be  conducted  with  a  view  of 
making  him  proficient  in  applying  these  methods,  when  discussing, 
either  orally  or  in  writing,  the  things  that  play  a  part  in  his  daily 
life.  On  no  account  should  the  pupil  have  as  a  subject  for  an  exer- 
cise anything,  concerning  which  be  lacks  either  knowledge  or  inter- 
est, since  such  an  exercise  only  wastes  his  time,  and  cultivates  in 
him  a  forced  and  unnatural  literary  style. 

FREXCU    ASD  GERM  AX. 

It  is  particularly  desired  that  the  instruction  in  these  subjects 
~hould  look  entirely  to  teaching  the  student  to  read  the  language, 
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instead  of  speaking  it;  when  practicable  the  reading  of  scientific 
texts  should  form  an  integral  part  of  his  course. 

LOGIC. 

It  is  not  necessary  that  the  pupil  follow  a  formal  coarse  in  logic, 
but  he  must  be  so  taught  as  to  be  able  to  perceive  whether  a  given 
conclusion  correctly  follows  from  the  premises  supplied.  He  must 
know  the  nature  of  a  syllogism,  even  though  he  has  never  heard  the 
name  of  it.  The  teacher  can  easily  select  from  Jerons1  Principles  of 
Science,  edition  of  1892,  such  parts  as  are  adapted  to  his  needs. 

MATHEMATICS. 

Efficient  teaching  of  geometry  requires  of  the  instructor  more 
patience  and  skill  than  does  any  other  mathematical  subject  of  a 
high  school  course,  hence  it  is  in  this  subject  that  candidates  for 
entrance  are  found  most  deficient.  It  is  therefore  necessary  to  reiter- 
ate that  the  prime  object  of  a  course  in  geometry  m  not  to  furnish 
the  student  with  facts,  but  to  quicken  his  intellect,  and  train  him  to 
think  rapidly  and  logically.  The  acquisition  of  facts  will  then  fol- 
low as  a  natural  consequence.  The  teacher  is  advised  Co  lay  out  a 
short  course  embracing  the  facts  essential  to  the  students  future 
studies,  and  select  such  text-books  and  class  room  met  hods  that  the 
pupil  shall  be  unable  to  memorize  any  demonstration. 

During  the  preparation  in  Algebra  special  stress  should  be  laid  on 
Factoring,  Fractions,  Quadratic  Equations,  Radicals,  anil  I  udicee. 
The  course  in  Trigonometry,  to  be  satisfactory,  must  be  based  on  the 
ratio  system;  particular  attention  should  be  given  to  solution  of  trig- 
onometric equations,  transformation  of  trigonometric  expressions, 
solution  of  triangles,  and  the  theory  and  use  of  logarithms,  exclud- 
ing their  computation. 

PHYSICAL  GEOGRAPHY. 

Physical  Geography  should  be  taught  in  connection  with,  or  after, 
Physics;  and  not,  as  is  so  commonly  done,  in  the  more  uLementary 
portions  of  the  high  school  course,  otherwise  the  pupil  cannot  acquire 
the  broad  and  comprehensive  knowledge  of  the  subject  which  is 
here  desired.  If  properly  taught,  Physical  Geography  can  and  ought 
to  replace  the  Geology  given  in  many  of  the  high  schools 

Tarr's  Physical  Geography  shows  well  the  ground  thai  should  be 
covered. 
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erroneous;  mere  motions  of  the  hand*  without  cotienwodrng  < 
of  the  tb raking  faculties  can  no  more  prodnee  iateQeetaal  fruit  i 
laboratory  than  in  a  corn  field.    If  the  course  is  to  be  of  vahae,  1 
stodeot  must  be  compelled  to  record  every  experiment  whether 
by  the  teacher  or  by  himself,  in  a  neatly  written  and 
arranged  report  covering  the  objects  of  the  experiment,  x 
employed,  methods  of  procedure  with  reasons  therefor,  the 
tions  made,  the  computations  together  with  all  the  figuring,  and  < 
elude  with  a  succinct  statement  of  the  laws  verified,  or  quant 
determined. 

No  matter  how  limited  the  facilities  at  his  command,  every  i 
er  is  urged  to  require  some  laboratory  work  of  his  students.    Th 
are  numerous  laboratory  manuals  abounding  in  suggestions  whie 
will   help  the   inexperienced  to   gain  much    valuable   knowledji 
through  the  thoughtful  use  of  material  in  the  possession  of  eve 
home. 

PHYSIOLOGY. 

In  connection  with  this  subject,  it  is  desired  that  special  stress 
laid  on  a  full  discussion  of  the  laws  of  health,  habits  of  person 
neatness  and  order,  the  use,  and  the  abuse  of  narcotics  and  stimu- 
lants, since  high  school  graduates  appear,  as  a  rule,  to  have  but  little  I 
knowledge  of  these  and  other  such  subjects  which  have  so  great  a  I 
bearing  on  their  future  well  being. 
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POLITICAL   ECONOMY. 

As  the  students  of  the  Michigan  Mining  School  are  educated  for 
the  purpose  of  becoming  active  producers  in  increasing  the  wealth  of 
the  country,  it  is  considered  highly  important  that  they  should  be 
instructed  in  the  principles  and  laws  of  production,  exchange,  dis- 
tribution, and  consumption  of  valuable  materials,  and  the  relations 
of  governments  thereto;  while  special  attention  should  be  given  to 
questions  pertaining  to  the  employe,  the  employer,  and  finance. 
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Much  has  been  said  of  the  necessity  of  teaching  Physics  by  wj MMER 
"  laboratory  method**;  while  it  is  generally  admitted  that  this  meth 
is  the  only  logical  and  thoroughly  efficient  one,  its  agitation  has 
some  teachers  to  gather  the  impression  that  simply  because  a  stude 
is  manipulating  apparatus  in  conformity  with  some  set  instruction 
he  is  in  consequence   learning   Physics.    Such    ideas  are  whol] 
erroneous;  mere  motions  of  the  hands  without  corresponding  exercil 
of  the  thinking  faculties  can  no  more  produce  intellectual  fruit  in-J 
laboratory  than  in  a  corn  field.     If  the  course  is  to  be  of  value,  T 
student  must  be  compelled  to  record  every  experiment  whether  mad 
by  the  teacher  or  by  himself,  in  a  neatly  written  and  systematic 
arranged  report  covering  the  objects  of  the  experiment,  apparatd 
employed,  methods  of  procedure  with  reasons  therefor,  the  observ 
tions  made,  the  computations  together  with  all  the  figuring,  and  ( 
elude  with  a  succinct  statement  of  the  laws  verified,  or  quantit 
determined. 

No  matter  how  limited  the  facilities  at  his  command,  every  teacfe 
er  is  urged  to  require  some  laboratory  work  of  his  students.  The« 
are  numerous  laboratory  manuals  abounding  in  suggestions  whic 
will  help  the  inexperienced  to  gain  much  valuable  knowledg 
through  the  thoughtful  use  of  material  in  the  possession  of  ever 
home. 

PHYSIOLOGY. 

In  connection  with  this  subject,  it  is  desired  that  special  stress 
laid  on  a  full  discussion  of  the  laws  of  health,  habits  of  personall 
neatness  and  order,  the  use,  and  the  abuse  of  narcotics  and  stimu- 1 
lants,  since  high  school  graduates  appear,  as  a  rule,  to  have  but  little  I 
knowledge  of  these  and  other  such  subjects  which  have  so  great  aj 
bearing  on  their  future  well  being. 

POLITICAL   ECONOMY. 

As  the  students  of  the  Michigan  Mining  School  are  educated  fori 
the  purpose  of  becoming  active  producers  in  increasing  the  wealth  of  \ 
the  country,  it  is  considered  highly  important  that  they  should  be  : 
instructed  in  the  principles  and  laws  of  production,  exchange,  dis- 
tribution, and  consumption  of  valuable  materials,  and  the  relations  ' 
of  governments  thereto;  while  special  attention  should  be  given  to 
questions  pertaining  to  the  employe,  the  employer,  and  finance. 
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ZOOLOGY. 

In  Zoology,  special  attention  should  be  paid  to  the  classification 
and  relationships  of  animals,  in  order  to  prepare  properly  the  pupil 
for  his  subsequent  work  in  Palaeontology  and  Stratigraphical 
Geology. 

In  conformity  with  the  general  policy  of  the  Mining 
School  to  give  every  aid  and  support  it  can  to  the  cause  of 
education  in  the  public  schools,  its  instructors  will  be  pleased 
to  afford  help  to  teachers  who  desire  it,  in  arranging  their 
courses,  or  in  assisting  them  through  the  free  use  of  the 
school's  laboratories,  apparatus  and  collections. 


ADMISSION    BY    CERTIFICATE. 

In  many  cases  young  men  have  engaged  in  mining  opera- 
tions or  in  other  business  until  they  have  arrived  at  the  age 
of  18  to  25  years,  when  they  desire  to  better  their  condition 
by  obtaining  an  education  that  will  be  of  practical  benefit  to 
them;  but  are  not  able  to  spend  the  time  necessary  to 
graduate  in  the  usual  high  school  course.  Such  men  prove 
to  be  among  the  best  of  students,  since  they  realize  the 
necessity  of  an  education  and  the  value  of  time.  In  order 
to  help  them  and  at  the  same  time  to  benefit  the  high  schools, 
(since  otherwise  these  pupils  would  never  return  to  them), 
the  Mining  School  will  admit  from  the  high  schools  persons 
who  are  19  years  of  age  or  over,  upon  the  presentation  of  a 
certificate  from  the  high  school  superintendent  or  principal, 
certifying  that  the  pupil  has  satisfactorily  completed  a  two 
year's  course  in  his  school,  provided  this  course  shall  be  the 
equivalent  of  the  one  given  below.  If  any  of  these  students 
are  subsequently  found  to  be  not  qualified  they  will  be  dropped 
from  the  Mining  School  and  the  names  of  the  schools  which 
sent  them  be  stricken  from  the  approved  list. 
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TWO  YEAES  HIGH  SCHOOL,  PREPAKATORY. 
(Pupils,  Nineteen  Years  of  Age  or  Over.) 

FIRST  YEAR. 

(  English  Composition  and  Literature, 
ftrst  Half  Year.      <      Arithmetic  and  the  Metric  System, 
(     Algebra,  Geometry. 

C  English  Composition  and  Literature, 
Svruud  Half  Year.    <      Bookkeeping  and  Commercial  Law, 
(     Algebra,  Geometry. 

SECOND   YEAR. 

ADMISSION  BY  EXAMINATION. 

AH  students  who  desire  to  enter  the  regular  undergraduate 
work  of  the  Mining  School  by  examination,  must  pass  in 
the  following  subjects: 

Hn&lish  Composition. — The  candidate  will  be  required 
to  write  upon  some  subject  selected  from  Physics  or  Astron- 
omy. 

Arithmetic  and  Metric  System. 

Bookkeeping  and  Commercial  Law. 

Aluebra,  Through  Quadratic  Equations. 

uuometry — Plane,  Solid  and  Spherical. 

Physics. 

Elements  of  Astronomy. 

Coalitions  in  Book-keeping  and  Astronomy  aro  allowed  when 
neteaggry,  owing  to  the  fact  that  many  of  the  high  schools  do  not 
gl  S*  i  Detraction  in  these  subjects.  The  condition  in  Astronomy  must 
be  mule  up  at  the  commencement  of  the  winter  term  after  entrance, 
.an  I  the  condition  in  Book-keeping  by  the  commencement  of  the  fall 
1 1  ■  i  ■  1 1 1  of  the  year  after  entrance . 

Fur  text-books  to  be  used  in  this  preparation,  see  the  list  given 
"r  i  |  receding  pages. 
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SPECIAL  STUDENTS. 
Persons  of  suitable  age  will  be  admitted  without  examina- 
nation  as  special  students  to  take  such  studies  as  they  may  be 
found  qualified  to  pursue. 

Since  its  organization  the  Mining  School  has  had  many  students  of 
ages*  varying  up  to  nearly  60  years  enter  for  special  work.  They  do 
not  ask  to  receive  a  degree,  but  desire  to  study  certain  subjects 
which  they  consider  will  be  useful  in  their  subsequent  work.  Such 
students  have  proved  themselves  excellent  and  valuable  workers, 
and  the  Mining  School  extends  a  most  cordial  welcome  to  all  such  and 
will  give  them  every  advantage  that  lies  in  its  power.  It  has  aided 
in  this  way  numerous  practical  and  active  business  men  who  have  had 
many  years  of  previous  experience,  and  it  is  desirous  of  continuing  a 
work  from  which  such  valuable  results  have  been  obtained  in  the 
past — a  work  which  it  will  ever  take  pride  in  doing. 

The  Michigan  Mining  School  especially  desires  to  aid  those  who 
in  their  younger  days  have  not  had  the  opportunity  of  obtaining  the 
higher  education  that  their  subsequent  work  demands,  since  it  is  weP 
known  at  this  school  that  the  zeal  and  experience  of  such  men  more 
than  overbalance  the  defects  in  their  early  training. 

PREPARATORY  STUDIES  IN  THE  MINING  SCHOOL. 
Since  its  organization  the  Michigan  Mining  School  has 
has  spared  no  labor  to  aid  the  high  schools  to  hold  their  stu- 
dents until  they  had  graduated.  Circumstances  beyond  its 
control  compelled  the  Mining  School  in  1895-96  to  tempora- 
rily and  reluctantly  take  up  part  of  the  preparatory  work  in 
Algebra,  Geometry,  Book-keeping,  Physics  and  Astronomy. 

Since  then  arrangements  have  been  perfected  with  the  Houghton 
High  School  whereby  every  facility  practicable  will  be  given  in  that 
institution  to  pupils  desiring  to  prepare  for  the  Mining  School. 
Should  this  plan  prove  satisfactory  in  1896-97,  the  Mining  School 
intends  to  abandon  all  its  preparatory  work  after  the  opening  of  the 
summer  of  1897,  and  all  pupils  desiring  to  take  such  work  will  be 
turned  over  to  the  Houghton  and  such  other  high  schools  as  make 
satisfactory  arrangements. 

*  The  average  age  is  from  24  to  39  years. 
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COURSES    OF    INSTRUCTION. 


The  Michigan  Mining  School  has  been  the  first  technical 
school  in  the  United  States  to  adopt  a  fall  and  free  elective 
system  for  its  engineering  instruction. 

Concerning  the  elective  system,  it  may  be  said  that  in  this  country 
two  systems  have  been  chiefly  followed  in  the  higher  educational 
institutions— the  fixed  and  the  elective.  The  latter  was  introduced 
first  in  this  country  by  President  Way  land,  of  Brown  University, 
and  it  has  since  been  systematized  and  developed  with  remarkable 
skill  and  success  by  President  Eliot,  of  Harvard.  Indeed,  the  sys- 
tem has  proved  to  be  so  well  adapted  to  the  needs  of  modern  times 
and  to  be  so  popular  that  it  has  made  its  way  in  the  face  of  strenuous 
opposition,  until  all  or  nearly  all  of  our  colleges  and  universities 
have  employed  it  for  their  work  in  general  or  literary,  and  scientific 
education. 

In  technical  or  engineering  education  the  case  has  been  different, 
since  even  those  schools  which  have  a  most  liberal  elective  system 
for  general  education,  have  still  only  a  partially  modified  form  of 
the  rigid  system  in  the  engineering  or  technical  courses.  The  rigid 
system  is  disguised  in  most  institutions  in  their  technical  work  under 
the  head  of  election  between  various  fixed  courses,  which  may  or 
may  not  have  a  few  options,  or  it  masquerades  under  an  elective 
dress  to  which  it  has  but  little,  if  any,  right. 

The  elective  system,  proper,  in  any  of  the  higher  institutions,  giv- 
ing general  education,  consists  of  two  features:  First,  the  Essential 
Studies;  second,  the  Sequence  of  Studies.  The  first  is  composed  of 
those  studies  which  are  considered  in  each  institution  as  necessary, 
or  essential  to  maintain  the  scholarship  or  traditions  of  the  school 
in  question,  and  in  engineering  schools,  the  required  and  essential 
studies  as  a  rule  constitute  the  chief  amount  of  the  entire  course  in 
any  of  the  engineering  branches.  In  the  case  of  general  or  literary 
education,  the  number  of  studies  that  are  considered  essential  usu- 
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above  mentioned  studies  require,  altogether,  the  student's  presence 
in  the  class  room  only  three  timee  &  week  for  twenty-eight  weeks. 

Outside  of  the  Elementary  Geology  and  Mining  the  student  is 
allowed  unrestricted  freedom  of  choice  in  his  studies,  the  same  as  he 
is  in  the  lheraTT,  but  not  in  engineering,  work  in  any  other  of  oat 
illeges  or  universities;  observing,  of  course,  the  proper  sequences- 
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In  the  elective  system  of  the  Michigan  Mining  School,  the  unit  of 
work  is  taken  as  three  hours  a  week  in  the  class  room  or  nine  hours 
a  week  in  the  laboratory  for  thirty-four  weeks,  and  this  amount  of 
work  is  called  a  course  or  a  full  course,  while  any  subject  scheduled 
for  less  time  is  taken  for  its  proportionate  part  of  a  full  course. 
The  student,  to  obtain  the  degree  of  Bachelor  of  Science,  must  com- 
plete eighteen  full  courses,  and  to  obtain  that  of  Mining  Engineer, 
twenty-two  full  courses,  which  in  both  cases  include  the  subjects  of 
Elementary  Geology  and  Mining. 

Owing  to  the  fact  that  the  regular  work  in  the  Michigan  State 
Mining  School  extends  through  forty-five  weeks  of  the  year,  a  good 
student  can  obtain  his  degree  in  three  or  in  four  years,  depending  upon 
the  question  of  whether  he  remains  during  the  forty-five  weeks 
each  year,  or  for  only,  the  first  thirty-four  weeks;  and,  also,  whether 
he  wishes  his  course  to  be  largely  of  practical  or  of  theoretical 
work. 

CHOICE  OP  ELECTIVES. 

Doplicate  written  lists  of  the  electives  chosen  for  each  year 
are  to  be  handed  to  the  Secretary  by  every  student  intending 
to  remain  during  the  subsequent  year,  by  the  Saturday  be- 
fore the  preceding  commencement. 

Students  joining  the  school  at  the  beginning  of,  or  during 
the  year  are  to  present  at  the  time  of  entrance  their  choice  of 
electives  for  the  year  in  which  they  enter. 

The  full  courses  can  be  made  up  of  studies  which  form  a 
complete  subject,  i.  e.,  any  subject  numbered  in  the  list  of 
electives,  but  no  partially  completed  or  broken  study  will  be 
accepted  for  any  part  of  a  full  course  or  receive  any  oredit. 

Table  I.  shows  the  time  in  the  year  that  each  subject  is  taught, 
commencing  with  the  opening  of  the  school  year,  about  the  middle 
of  September,  and  numbering  the  weeks  around  to  September  again. 
The  number  of  hours  given  shows  the  time  expected  to  be  taken  by 
the  student  in  the  class  room,  laboratory,  etc.,  but  does  not  include 
the  time  needed  to  be  spent  in  preparation  for  the  exercise. 

Tables  II.  and  III  give  the  days  of  the  week  and  the  hours  of  the 
day  that  the  student  is  to  set  apart  for  meeting  the  instructor  in  the 
class  or  lecture  room. 
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in  the  list  of  electives.  In  very  exceptional  cases  a  student 
may  be  allowed  by  the  Director  with  the  approval  of  the 
instructor  concerned,  to  take  a  subject  ont  of  its  order,  but 
when  the  work  is  so  taken,  no  credit  will  be  given  for  it, 
until  the  required  preparatory  work  has  been  fully  made  up. 
Each  instructor  is  the  sole  judge  of  the  fitness  of  every 
student  electing  his  subjects;  he  may  refuse  to  admit  into  bis 
class  any  student  found  deficient  in  preparation,  or  dismiss 
from  his  courses  at  any  time  a  student  whose  work  is  unsatis- 
factory. 
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A.    MATHEMATICS.    * 
PROFESSOR  MoNAIR  AMD  MR.  FISHER. 

A  1.  Algebra.  Three  times  a  week,  thirty-four  weeks. 
To  count  for  a  full  course.  '  Mr.  Fisher. 

A  2.  Plane  Trigonometry.  Three  times  a  week,  four- 
teen week 8.  To  count  as  a  two-fifths  course.  To  be  pre- 
ceded by  or  accompanied  with  subject  A  1  (Algebra). 

Mr.  Fisher. 

A  3,  Spherical  Trigonometry.  Four  times  a  week,  six 
weeks.  To  count  as  a  one-fifth  course.  To  be  preceded  by 
subject  A  2  (Plane  Trigonometry).  Mr.  Fisher. 

A  4.  Analytic  Geometry.  Four  times  a  week,  twenty 
weeks.  To  count  as  a  four-fifths  course.  To  be  preceded  by 
subject  A  2  (Plane  Trigonometry).  Mr,  Fisher, 

A  5.  Differential  and  Integral  Calculus.  Four 
times  a  week,  twenty-eight  weeks.  To  count  as  a  full  course. 
To  be  preceded  by  subjects  A  1  (Algebra),  A  2  (Plane 
Trigonometry),  and  A  4  (Analytic  Geometry). 

Professor  McNair. 

A  6.  Introduction  to  Differential  Equations.  Four 
times  a  week,  six  weeks.  To  count  as  a  one-fifth  course.  To 
be  preceded  by  subjects  A  5  (Calculus)  and  C  1  (Analytic 
Mechanics).  Professor  McNair. 

B.  PHYSICS. 

PROFESSOR  MoNAIR  AND  MR.  KNOX. 

B  1.  Physics.  Twelve  hours  a  week,  thirty-four  weeks. 
To  count  for  a  full  course.  Must  bo  preceded  by,  or  accom- 
panied with,  subjects  A  1  (Algebra),  and  A  2  (Plane  Trigo- 
nometry). Professor  McNair  and  Mr.  Knox* 
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B  2.  Physical  Measurements.  Twelve  hoars  a  week, 
six  weeks.  To  count  as  a  one-fifth  course.  Must  be  pre* 
ceded  by  subject  B  1  (Physics).  jggj 

Professor  McNair  and  Mr.  Knox.     Princii 

B  3.  Electrical  Measurements.     Three  times  a  week,     emei 


thirty-four  weeks.     To  count  as  a  full  course.     To  be  pre* 
ceded  by  subjects  B  1  (Physics)  and  C  1  (Analytic  Mechanics), 

Professor  McNair. 
C.  MECHANICS. 
PROFESSOR  McNAlR. 

C  1.  Analytic  Mechanics.     Three  times  a  week,  four 
teen  weeks.     To  count  as  a  two-fifths  course.     To  be  pi 
ceded  by,  subject  B  1  (Physics),  and  preceded  by,  or  accom- 
panied with,  subject  A  5  (Calculus).     Professor  Mc^Nair. 

C  2.  Analytic  Mechanics.  Three  times  a  week,  four 
teen  weeks.  To  count  as  a  two-fifths  course.  To  be  pre 
ceded  by  subject  C  1  (Analytic  Mechanics). 

Professor  McNair. 
F.  CHEMISTRY.  iMa' 

PROFESSOR   KOENIG   AND   MR.  BURRALL. 

F  1.  General  Experimental  Chemistry.     Nine  hours     ; 
a  week,  twenty-eight  weeks.  To  count  as  a  four-fifths  course.       M< 
Professor  Koenig  and  Mr.  Burrall.  * 

F  2.  Blowpipe  Analysis.  Twelve  hours  a  week,  six  ~~ 
weeks.  To  count  as  a  one-fifth  course.  To  be  preceded  by  ^ 
subject  F  1  (General  Experimental  Chemistry).  K 

Professor  Koenig  and  Mr.  Burrall.  ^ 

F  3.  Qualitative  Analysis.  Xine  hours  a  week,  twenty 
eight  weeks.     To  count  as  a  four-fifths  course.     To  be  pre- 
ceded by  subjects  F  1  (General  Experimental  Chemistry)  and         ] 
F  2  (Blowpipe  Analysis). 

Professor  Koenig  and  Mr.  Burrall. 
F  4.    Quantitative    Analysis.    Twelve  hours  a  week, 
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I M  i  ne  V  en  tila t io  u  . 


I  Metallurgy. 

■  Machine  Design, 

1  Geometry . 


l  M  ec  I  ta  n  ica  J  Draw  i j  lg. 
|  Petrography, 


I  Tuj  tograpJ  t  ical  Drawing, 
1  Ee  i  >  n  o  m  ic  0  eology , 
[Book-keeping* 
i  Agronomy, 


I E  lectri  ca  I  En  gi  neer  i  ng . 
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thirty-four  weeks.     To  count  for  a  full  course.     To  be  pro* 
ceded  by  subject  F  3  (Qualitative  Analysis). 

Professor  Eoenig  and  Mr,  BurralL 

P  5.  Advanced  Quantitative  Analysis.  Twelve  hours 
a  week,  tbirty-four  weeks.  To  be  preceded  by,  or  accom- 
panied with,  subject  F  4  (Quantitative  Analysis). 

Professor  Koenig  and  Mr.  BurralL 

F  6.  Synthetic  Chemistry.  Three  times  a  week,  thirty- 
four  weeks.  To  be  preceded  by  subjects  F  4  (Quanti- 
tative Analysis),  F5  (Advanced  Quantitative  Analysis),  and 
W  2,  (Mineralogy).  Professor  Koenig, 

O.    METALLURGY. 
PROFESSOR   KOENIG   AND  MR.    BUM  ALU 

G  1.  Assaying.  One  hundred  and  forty- four  hours.  To 
count  as  a  two-fifths  course.  To  be  preceded  by  subject 
F  3,  (Qualitative  Analysis). 

Professor  Eoenig  and  Mr.  Bur  rail, 
G  2.  Metallurgy.     Three    times    a   week,    thirty-four 
weeks.     To  be  preceded  by  subjects  F  3  (Qualitative  Analy- 
sis), and  preceded  by,  or  accompanied  with,  subjects  F   \ 
(Quantitative  Analysis)  and  W  2  (Mineralogy). 

Professor  Koenig* 
G  3.  Metallurgical  Experimentation.     Three  times  a 
week,  thirty-four  weeks.     To  be  preceded  by  subjects  F  4 
(Quantitative  Analysis),  G  1  (Assaying),  G  £  {Metallurgy), 
and  W  2  (Mineralogy).  Professor  Knenig. 

G  4.   Metallurgy    and    Metallurgical    Designing. 

Nine  hours  a  week,  thirty-four  weeks.     To  be  preceded  by 

subjects  F  4  (Quantitative  Analysis),  G  2  (Metallurgy),  L  4 

(Graphical   Statics),  M  3  (Mechanism),   M  5   (Mechanical 

.  Engineering),  and  W  3  (Mineralogy). 

Professor  Koenig  and  Mr.  BurralL 
5 
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L.     DRAWING. 

PROFESSORS   KI DWELL  AND  SPERR,   AND  MESSR8.  MOORE 
AND   HOULE. 

L  1.  Mechanical  Drawing.  Bighteen  hours  a  week  for 
eight  weeks,  and  nine  hours  a  week  for  twenty-six  weeks. 
To  count  for  a  full  course.  Mr.  Moore. 

L  2.  Topographical  Drawing.  Twelve  hours  a  week, 
six  weeks.     To  count  as  a  one-fifth  course. 

Professor  Sperr  and  Mr.  Houle. 

L  3.  Topographical  Drawing  (Mapping).  Twelve 
hours  a  week,  six  weeks.  To  count  as  a  one-fifth  course.  To 
be  preceded  by  Q  1  (Surveying). 

Professor  Sperr  and  Mr.  Houle. 

L  4.  Graphical  Statics.  Nine  hours  a  week,  fourteen 
weeks.  To  count  as  a  two-fifths  course.  To  be  preceded 
by  subjects  C  2  (Analytic  Mechanics)  and  L  1  (Mechanical 
Drawing).  Mr.  Houle. 

L  5.  Engineering  Design  and  Construction.  Nine 
hours  a  week,  twenty  weeks.  To  count  as  a  three-fifths 
course.  To  be  preceded  by  subjects  L  4  (Graphical  Statics), 
M  5  (Mechanical  Engineering),  and  R  4  (Mining  Engineer- 
ing)* Professor  Sperr  and  Mr.  Houle. 

L  6.  Machine  Design.  Twelve  hours  a  week,  twenty- 
six  weeks.  To  count  as  a  full  course.  To  be  preceded  by 
subjects  M  5  (Mechanical  Engineering),  M  6  (Testing  Ma- 
terials of  Engineering),  and  accompanied  with  subjects  M  7 
(Valve  Gears),  and  M  8  (Thermodynamics). 

Professor  Kid  well  and  Mr.  Moore. 

M. -MECHANICAL  ENGINEERING. 

PROFESSOR    KIDWELL,    AND    MESSRS.    MOORE,    SHIELDS    AND 

WA88. 

M  1.  Properties  of  Materials.  Three  times*  week, 
twenty  weeks.    To  count  as  a  three-fifths  course.    To  be 
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preceded  by  subjects  B  1  (Physics),  and  F  1  (General  Chem- 
istry.) Mr.  Moore, 

M  2.  Shop  Practice.  Forty-five  hours  a  week,  eleven 
weeks.  To  count  for  two  full  courses.  To  be  preceded  by 
subjects  L  1  (Mechanical  Drawing),  and  M  1  (Properties  of 
Materials),  except  in  the  case  of  pupils  who  enter  for  Shop 
Practice  alone. 

Professor  Kidwell,  Mr.  Shields  and  Mr,  Wass* 

M  3.  Mechanism.  Three  times  a  week,  fourteen  weeks. 
To  count  as  a  two-fifths  course.  To  be  preceded  by  subjecla 
C  1  (Analytic  Mechanics),  and  L  1  (Mechanical  Drawing), 
and  preceded  by,  or  accompanied  with,  subject  C  2  (Analytic 
Mechanics).  Mr.  Moore. 

M  4.  Mechanics  of  Materials.  Three  times  a  week, 
thirty-four  weeks.  To  count  as  a  full  course.  T  ►  tie  pre- 
ceded by  subjects  C  1  (Analytic  Mechanics)  and  M  1  (Prop- 
erties of  Materials),  and  preceded  by,  or  accompanied  with, 
C  2  (Analytic  Mechanics).  Mr.  Moore. 

M  5.  Mechanical  Engineering.  Three*  times  a  week, 
thirty-four  weeks.  To  count  as  a  full  course.  To  be  pre- 
ceded by  subjects  L  1  (Mechanical  Drawing)  and  M  2  {Shop 
Practice),  and  preceded  by,  or  accompanied  with,  subjects  C  2 
(Analytic  Mechanics),  M  3  (Mechanism)  and  M  4  (Mechanics 
of  Materials).  Mr.  Moore. 

M  6.  Testing  Materials  of  Engineering.  Forty-five 
hours  a  week,  five  weeks.  To  count  as  a  full  course,  To  bo 
preceded  by  subject  M  4  (Mechanics  of  Materials). 

Professor  Kidwell  and  Mr.  Moore. 

M  7.  Valve  Gears.  Twice  a  week,  twenty-six  weeks. 
To  count  as  a  one-half  course.  To  be  preceded  by  subject 
M  5  (Mechanical  Engineering)  and  accompanied  with  L  G 
(Machine  Design),  and  M  8  Thermodynamics. 

Professor  Kidwell. 
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M  8.  Thermodynamics.  Twice  a  week,  twenty-six  weeks. 
To  count  as  a  one-half  course.  To  be  preceded  by  subject 
M  5  (Mechanical  Engineering).  Professor  Kid  well. 

M  9.  Mechanical  Engineering— Experimental  Work 
in  the  Mechanical  Laboratory.  Forty-fire  hours  a  week, 
elevon  weeks.  To  count  as  two  full  courses.  To  be  preceded 
by  subjects  L  6  (Machine  Design),  M  7  (Valve  Gears)  and 
M  8  (Thermodynamics).  Professor  Eidwell. 

For  further  subjects  belonging  to  this  department  see 

L  1.  Mechanical  Drawing. 

L  6.  Machine  Design. 

N.  ELECTRICAL    ENGINEERING. 
PROFESSOR   KIDWELL   AND  MR.  MOORE. 

N  1.  Electrical  Engineering.  Three  times  a  week, 
twenty-six  weeks.  To  count  as  a  four-fifths  course.  To  be 
preceded  by,  or  accompanied  with,  subjects  B  3  (Electrical 
Measurements),  C  2  (Analytic  Mechanics),  and  M  5  (Me- 
chanical Engineering).  Professor  Eidwell. 

N  2.  Electricity  and  Magnetism.  (Mathematical 
Theory.)  Three  times  a  week,  twenty-six  weeks.  To  count 
as  a  four-fifths  course.  To  be  preceded  by  subjects  B  3 
(Electrical  Measurements)  and  N  1  (Electrical  Engineering), 
and  to  be  accompanied  with  N  3  (Electrical  Engineering). 

Professor  Eidwell. 

N  3.  Electrical  Engineering.  Two  times  a  week, 
twenty-six  weeks.  To  count  as  one-half  a  course.  To  be 
preceded  by  subjects  B  3  (Electrical  Measurements),  and  N  1 
(Electrical  Engineering)  and  accompanied  with  N  2  (Elec- 
tricity and  Magnetism).  Professor  Eidwell. 

N  4.  Electrical  Engineering— Laboratory  Prac- 
tice. Forty-five  hours  a  week,  eleven  weeks.  To  count  as 
two  full  courses.     To  be  preceded  by  subjects  M  7  (Valve 
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Gears),  N  2  (Electricity  and  Magnetism)  and  N  3  (Electrical 
Engineering).  Professor  Kid  well. 

Q.    CIVIL    ENGINEERING. 
PROFESSOR  SPERR  AND   MR.  HOAR. 

Q  1.  Surveying,  (Theory  and  Practice).  Forty-five  hours 
a  week,  eleven  weeks.  To  count  as  two  full  courses.  To  be 
preceded  by  subjects  A  3  (Spherical  Trigonometry)  and  L  2 
(Topographical  Drawing),  except  for  those  who  enter  for 
this  work  alone,  who  need  to  be  prepared  in  Logarithms, 
Plane  Trigonometry  and  Mensuration. 

Professor  Sperr  and  Mr.  Houle. 

Q  2.  Hydraulics.  Three  times  a  week,  twenty  weeks. 
To  count  as  a  three-fifths  course.  To  be  preceded  by  sub- 
jects A  5  (Calculus),  B  1  (Physics),  C  1  (Analytic  Mechan- 
ics), and  R  1  (Principles  of  Mining),  and  preceded  by?  or 
accompanied  with,  subject  C  2  (Analytic  Mechanics). 

Professor  Sperr. 

For  further  subjects  belonging  to  this  department  see 

L  2.  Topographical  Drawing. 

L  3.  Topographical  Drawing  (Mapping). 

L  4.  Graphical  Statics. 

L  5.  Engineering  Design  and  Construction. 

R.    MINING  ENGINEERING. 
PROFESSOR   SPERR   AND   MR.    HOULE. 

R 1.  Principles  of  Mining.  Three  times  a  week, 
twenty  weeks.  To  count  as  a  three-fifths  course.  Must  be 
preceded  by  subject  Y  1  (Principles  of  Geology).  Excur- 
sions to  the  mines,  etc.,  required  as  extras.  This  subject  ia 
required  of  all  candidates  for  the  S.  B.  and  E.  M.  degrees. 

Professor  Sperr. 

R  2.  Mine  Surveying  and  Mining.  Two  times  a  week* 
twenty  weeks.     To  count  for  two-fifths  of  a  course.     Tu  bg 
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preceded  by  L  3  (Topographical  Drawing),  Q  1  (Surveying), 
B  1  (Principles  of  Mining  U  and  T  1  ( Pnncipke  of  Geology). 

Professor  Sperr. 

B  3-  Mute  SrEVETisG  Ajri»MrjnxG  (PKAcncAi  Woks). 
Forty-fire  bonis  a  week,  six  weeks*  To  count  as  a  fall 
course.  To  be  preceded  by  subject  B  S  (Mine  Sai-wing 
and  Mining),  except  for  students  wbo  enter  for  this  study 
aloave,  who  are  required  xo  be  pref*red  ir  Algebra,  Geom- 
etry, Trigonometry,  asd  in  tbe  nse  of  the  trwsasat  and  leveL 

Professor  Sperr  and  Mr.  Hoale. 

B  4.  Misix^  Exgixeeexx*.  T*r*e  tznws  a  week, 
t went j  weeks.  To  ocrcitt  as  a  ihr»-£fii*  coarse.  To  be 
preceded  bj  subjects  C  2  (A^ris,.  Mec'rAT-ias*.  M3  (Mechan- 
ism), B  3  (Mine  Sarrering  asi  Mirdng\  aad  Q  2  (Hydraul- 
ic*. Professor  Sperr. 

B5.  Mixe  Maxagexext  isd  A«  -^rxTS.  Six  hours  a 
week,  twenty  week*,  to  coast  as  a  two-tifths  coarse.  To  be 
preceded  br  subjects  B  1  (Principles  of  Mining),  and  B  3 
(Mine  So nr eying  and  Mining).  Professor  Sperr. 

B  <>.  Mixe  Vextilatiox.  Twice  a  week  for  twenty 
weeks.  To  count  as  a  two-fifths  coarse.  To  be  preceded  by 
M  5  (Mechanical  Engineering),  and  Q.  2  ( Hydraulics). 

Professor  Sperr. 

a— ORE  DRESSING. 
PROFESSOR  SPERR  ASD  XE.  BCREALL. 

S  1.  Ore  Dressing,  (Theory  axd  Practice).  Forty- 
fife  hours  a  week,  fire  weeks.  To  count  as  a  fall  coarse. 
To  be  preceded  by  subjects  G  1  (Assaying),  M  3  (Shop  Prac- 
tice), Q  2  (Hydraulics),  and  W  2  (Mineralogy). 

Professor  Sperr  and  Mr.  BorralL 
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V.   BIOLOGY. 

THE  DIRECTOR,  ASSISTANT  PROFESSOR  SEAMAN  AMI 
MR.    SUTTON. 

V  1.  Botany  .(General  and  Economic).  Three  times 
a  week,  eight  weeks.     To  count  as  a  one-fifth  course. 

The  Director. 

V  2.  Zoology  and  Paleontology.  Nine  hours  a  week, 
fourteen  weeks.     To  count  as  a  two-fifths'  course. 

Assistant  Professor  Seaman  and  Mr.  Sutton. 

W.  MINERALOGY. 

THE  DIRECTOR,  ASSI8TANT  PROFESSOR  SEAMAN*  AND 
MR.  8UTTON. 

W  1.  Crystallography.  Twelve  hours  a  week,  eight 
weeks.     To  count  as  a  one-fifth  course. 

Assistant  Professor  Seaman  and  Mr,  Sutton. 

W  2.  Mineralogy.  Twelve  hours  a  week,  twenty-eight 
weeks.  To  count  as  a  full  course.  To  be  preceded  by  sub* 
jects  B  1  (Physics),  F  1  (General  Chemistry),  F  2  (Blowpipe 
Analysis),  W  1  (Crystallography),  and  Y  1  (Principles  of 
Geology).         Assistant  Professor  Seaman  and  Mr.  Sutton. 

X.  PETROGRAPHY. 
THE  DIRECTOR  AND  MR.  8UTTON, 

X  1.  Petrography  (Lithology  and  Petrology). 
Three  times  a  week,  thirty-four  weeks.  To  be  preceded  by 
subjects  B  1  (Physics),  F  1  (General  Chemistry),  Y  1  (Prin- 
ciples of  Geology),  and  W  2  (Mineralogy). 

The  Director  and  Mr.  Sutton. 

Y.  GEOLOGY. 

THE    DIRECTOR,     ASSISTANT    PROFESSOR    SEAMAN     AND     Ml£. 

SUTTON. 

V  1.  Elements  of  Geology.  Three  times  u  week,  eight 
weeks.     To  count  as  a  one-fifth  course.     No  student  will  bu 
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allowed  to  take  this  s&bject  who  has  an  entrance  condition 
in  Astronomy.  This  subject  is  required  of  all  candidates  for 
5.  B.  and  E.  M.  degrees.  The  Director. 

T  fc.  Steatigraphical  Geology.  Three  times  a  week, 
fourteen  weeks.  To  count  as  a  two-fifth*  coarse.  To  be  pre- 
ceded by  snbjects  B  1  (Phjsks).  F  I  ((general  Cbeaustry), 
V  1  (Botany,  after  1S9*-1897),  V  2  I  Zoology  and  Paleontol- 
ogy), Y  1  (Principles  of  Geology  .  and  preceded  br,  or 
accompanied  with,  W  2  ( Mineralogy  K 

Assistant  Professor  Seaman  and  Mr.  Snttoo. 

Y  3.  Physical  A5D  Chemical  Geology.  Three  times  a 
week,  foarteen  weeks.  To  count  as  a  two-nfths  coarse.  To 
be  preceded  by  B  1  (Physics*.  F  I  ^General  Chemistry).  W  2 
(Mineralogy)  and  Y  2  (Strafagraphieal  Geology),  and  pre- 
ceded byr  or  accompanied  with,  sabject  X  I  ( Petrography). 

The  Director. 

Y  4.  GEou>ritAL  Field  Wobk.  Forty-dve  hoars  a  week, 
six  weeks.  To  count  as  a  fall  coarse.  To  be  pteceded  by 
subjects  Q  1  (Surrejing)y  L3  { Topographical  Drawing).  W 
2  (Mineralogy),  X  1  { Petrography )T  Y  $  { Statfagrapfekal 
Geology),  and  Y  3  (Physical  Geology),  except  for  those  who 
enter  for  this  study  alone. 

Assistant  Professor  Seaman  and  Mr.  Sattou. 

Y  3.  Ecosoxie  Geology.  Three  times  a  week^  twenty- 
eight  weeks.  To  count  as  four-tifths  of  a  coarse.  To  be 
preceded  by  subjects  R  1  (Principles  of  Mining).  X  1 
( Petrography),  Y  3  (Physical  Geology),  and  Y  -4  (Geological 
Field  Work).  The  Director. 

J.    THESIS. 
THE    FACULTY. 

J  I.  Thesis  Nine  hours  a  week,  thirty-four  weeks*  To 
count  as  a  full  coarse.  The  subject  of  the  thes»»  to* be  select- 
ed at  the  same  time  that  the  other  elective*  are  chosen.     Tne 
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work  is  to  be  done  under  the  direction  and  with  the  approval 
of  some  instructor  or  instructors,  and  both  the  subject  and 
thesis  must  be  approved  by  the  Director. 

The  student  must  have  taken  all  the  necessary  preparatory 
work  that  is  required  to  enable  him  to  properly  handle  hlfij 
subject,  or  it  will  not  be  approved  by  the  Director,  The 
instructor  or  instructors  under  whom  the  thesis  work  is  done 
must  have  presented  to  the  Secretary  a  written  statement 
certifying  that  the  student  is  properly  prepared  and  able  in 
their  judgment  to  accomplish  the  work  specified.  Thia 
statement  is  to  accompany  the  elective  schedule, 

PREPARATORY  SUBJECTS. 
September,  1895,  to  June,  1807. 

I.  Elementary  Algebra.  Three  times  a  week,  thirty- 
four  weeks.  Sir.  Fisher. 

II.  Geometry,  Plane,  Solid  and  Sphe&igal,  Three 
times  a  week,  thirty- four  weeks.  Mr.  Fisher, 

III.  Elementary  Physics,  with  Laboratory  Work, 
To  be  preceded  by  or  accompanied  with  subjects  [  (Elemen- 
tary Algebra)  and  II  (Geometry).  Three  times  a  week, 
thirty-four  weeks.  Mr,  Knox* 

IV.  Book-keeping.  Three  time  a  week,  fourteen  weeks, 

Mr-  Fisher. 

V.  Astronomy.  Three  times  a  week,  twenty  weeks.  To 
be  preceded  by  or  accompanied  with  subjects  II  (Geometry) 
and  III  (Elementary  Physics).  Mr,  Fisher, 
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DEPARTMENTS  OF  INSTRUCTION. 


A.  MATHEMATICS. 
PROFESSOR  McNAIR  AND  MR.  FISHER. 

As  will  be  seen  by  a  detailed  examination  of  the  following 
pages  of  this  catalogue,  the  subjects  of  this  department  form 
the  necessary  foundation  for  a  great  part  of  the  student's 
subsequent  work;  and  they  are  given  as  a  preparation  for 
this  work,  as  well  as  for  their  value  in  actual  engineering 
practice,  and  in  affording  mental  discipline. 

It  is  the  intention,  therefore,  to  give  the  instruction  in  this  depart- 
ment in  such  a  manner  as  will  place  in  prominence  those  subjects 
or  portions  of  subjects  which  will  be  of  actual  use  to  the  student, 
and  later,  to  the  engineer.  It  follows  tfcat  many  things,  of  interest 
only  to  the  specialist  in  mathematics,  are  entirely  omitted. 

The  value  of  the  study  of  mathematics  in  developing  the  power  to 
do  vigorous  and  logical  thinking  is  not  lost  sight  of,  but  it  is  thought 
that  the  effort  to  master  the  logic  of  the  subjects  necessary  to  the 
engineer  will  afford  the  student  ample  opportunity  to  develop  this 
power. 

Every  effort  is  made  to  see  that  the  student  takes  advantage  of 
the  opportunity  thus  offered.  At  each  step  of  his  progress  he  is 
required  to  think.  The  ability  to  describe  a  given  method,  or  to 
correctly  quote  a  given  formula,  and  to  apply  either  to  a  given  case, 
is  in  no  instance  accepted  as  sufficient.  The  student  is  required  to  logi- 
cally derive  the  method  or  formula,  and  to  demonstrate  its  correctness. 

Attention  is  again  called  to  the  entrance  requirements  in  this 
department.  The  intending  student  is  asked  to  pay  particular 
attention  to  the  subjects  of  Factoring,  Fractions,  Quadratic  Equa- 
tions, Radicals  and  Indices  in  Algebra,  and  to  make  sure  of  his 
understanding  of,  and  familiarity  with,  each  of  them. 

The  courses  offered  in  mathematics  are  the  following: 
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A  1. — Algebra. 

MB.   FISHER. 

The  course  includes  the  Theory  of  Limits,  Logarithms,  Progres- 
sions, Arrangements  and  Groups,  Binomial  Theorem,  Undetermined 
Co-efficients,  Series,  and  the  Solution  of  Higher  Equations. 

Wentworth's  College  Algebra  is  used  in  *95-*96  as  the  text-book. 

Three  times  a  week,  thirty-four  weeks,  to  count  as  a  full  course, 

A  2. — Plane  Trigonometry. 

MB.   FI8HKB. 

The  ratio  system  is  used  exclusively,  and  prominence  is  given  to 
the  solution  of  trigonometric  equations,  and  the  transformation  of 
trigonometric  expressions. 

The  fall  term's  work  in  subject  A  1  (Algebra)  must  precede  or  be 
taken  along  with  this  course. 

Wheeler's  Plane  and  Spherical  Trigonometry  is  used  as  the  text, 
book. 

Three  times  a  week,  fourteen  weeks,  fall  term.  Counts  as  two- 
fifths  of  a  course. 

A  3. — Spherical  Trigonometry. 

MB.   FISHKB. 

The  solution  of  Right  and  Oblique  spherical  triangles  given  from 
the  same  text-book  as  is  used  in  subject  A  2  (Plane  Trigonometry). 

Four  times  a  week,  first  six  weeks  of  the  summer  term.  Counts  as 
one-fifth  of  a  course.  Must  be  preceded  by  subject  A  2  (Plane  Trigo- 
nometry). 

A  4. — Analytic  Geometry. 

MB.   FISHER. 

The  course  covers  the  straight  line,  conic  sections,  a  few  higher 
plane  curves,  transformation  of  co-ordinates,  general  equation  of  the 
second  degree,  and  an  introduction  to  geometry  of  three  dimensions. 

The"  object  is  to  familiarize  the  student  with  methods  rather  than 
with  any  set  of  curves. 

Given  partly  by  lectures  and  partly  from  Wentworth's  Analytic 
Geometry. 

Four  times  a  week,  twenty  weeks,  winter  term  and  first  six  weeks 
of  the  summer  term.    Counts  as  four-fifths  of  a  course. 
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Must  be  preceded  by  course  A  2  (Plane  Trigonmetry)  and  preceded 
by,  or  accompanied  with,  course  A  1  (Algebra). 

A  5. — Differential  and  Integral  Calculus. 

PROFESSOR  McNAIR. 

The  Differential  Calculus  is  developed  from  a  rate  as  its  funda- 
mental notion.  The  Integral  Calculus  is  from  the  beginning  treated 
as  a  method  of  summation. 

The  object  of  the  course  is  to  give  the  student  a  thorough  working 
knowledge  of  the  subject— to  put  him  in  possession  of  a  tool  of  which 
he  can  afterward  make  efficient  use.  It  is  believed  that  this  can  heat 
be  accomplished  by  giving  him  a  rigorously  logical  basis  for  hi?  meth- 
ods and  formulas,  and  the  attempt  to  do  this  is  therefore  made. 

Applications  of  differentiation  to  Expansion  in  Series*  Indetermin- 
ate Forms,  Maxima  and  Minima,  etc.,  are  treated;  white  problems  of 
Area,  Volume,  Work,  etc.,  introduce  the  subject  of  integration,  and 
their  treatment  is  carried  along  simultaneously  with  that  of  methods. 

The  Calculus  is  given  partly  by  lectures,  with  prinuxl  notes,  and 
partly  from  Taylor's  Elements  of  the  Calculus. 

Four  times  a  week,  twenty-eight. weeks,  fall  and  winter  term*. 
Counts  as  a  full  course. 

Must  be  preceded  by  course  A  4  (Analytic  Geomety  h 

A  6. — Introductory  Differential  Equations. 

PROFESSOR  McNAIR. 

An  introduction  to  Differential  Equations  which  will  include  the 
treatment  of  those  special  equations  which  the  student  will  meet  in 
his  study  of  Mechanics  and  Electricity. 

The  course  is  given  by  lectures  and  recitations. 

Four  times  a  week,  first  six  weeks  of  the  summer  term.  Counts  as 
one-fifth  of  a  course. 

Open  to  those  who  have  credit  for  course  A  5  (Calculus*), 

B.-PHYSICS. 
PROFESSOR  McNAIR  AND  MR.  KNOX, 

The  aim  in  the  department  of  Physics  as  in  that  of  Math* 
ematics  is  to  select  such  subjects  as  have,  directly  or  indi- 
rectly,  a  bearing  on   the    practical    work  of  the    mining 
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engineer,  and  to  treat  these  in  as  practical  a  manner  as  pos- 
sible. 

The  instruction  is  given  by  the  laboratory  method.  The  student 
goes  at  once  into  the  laboratory  and  there,  under  the  direction  of 
the  instructors,  experiments  for  himself.  The  experiments  are 
mostly  quantitative,  he  being  required  to  measure  and  give  a  defi- 
nite account  of  the  quantity  with  which  he  is  dealing. 

As  far  as  possible,  mere  mechanical  following  of  directions  is 
excluded,  and  intelligent  thinking  is  made  necessary  to  the  accom- 
plish ment  of  the  work.  Every  effort  is  put  forth  to  have  the  student 
clearly  develop  and  fix  in  his  mind  the  principles  of  Physics  which 
he  will  afterward  use,  and  also  to  lay  the  foundation  for  that  skill  in 
accurate  determination  of  quantity,  and  care  of  delicate  apparatus, 
which  are  needed  by  the  practical  engineer.  Accuracy  and  order 
are  insisted  on  from  the  first.  Each  student  receives  individual 
attention,  and,  with  the  exception  of  a  few  experiments  requiring 
more  than  one  observer,  he  does  his  work  independently  of  all  other 
students. 

The  work  of  the  laboratory  is  accompanied  by  illustrated  lectures, 
and  by  such  text-book  and  recitation  work  as  is  found  necessary. 

Below  is  given  a  partial  list  of  the  equipment  of  this  department 
for  lecture  illustration  and  laboratory  work.  Besides  the  apparatus 
here  listed,  the  department  possesses  the  usual  outfit  of  battery  cells, 
magnets,  lenses,  thermometers,  and  oth»r  minor  apparatus. 

Physical  Apparatus. 

Four  sets  of  apparatus  for  experimental  verification  of  the  laws  of 
composition  and  resolution  of  forces. 
Twelve  Vernier  Calipers. 
Twelve  Micrometer  Calipers. 
Twelve  small  Spherometers. 
One  large  Spherometer. 
One  Cathetometer. 
One  Atwood  Machine. 
Two  sets  Pendulums. 
One  Whirling  Table  and  Accessories. 
One  "Swiftest  Descent"  Apparatus. 
Two  sets  Moment  of  Inertia  Apparatus. 
One  Clock  Electrically  Recording  Seconds. 
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Six  sets  Apparatus  for  Determining  Modulus  of  Elasticity. 

Six  Kohlbusch  Balances. 

One  Becker  Balance. 

One  Springer  Torsion  Balance. 

Six  Troemner  Balances. 

Five  Jolly  Balances. 

One  Hydrostatic  Balance. 

Four  Mohr-Westphal  Specific  Gravity  Balances 

Twenty-four  Specific  Gravity  Bottles. 

Six  Nicholson's  Hydrometers. 

Four  Baume  Hydrometers. 

One  Ritchie's  Rotary  Air  Pump  and  Accessories. 

One  Lever  Air  Pump. 

One  Fortin's  Barometer. 

Two  Aneroid  Barometers. 

Two  Mariotte's  Law  Apparatus. 

Two  Condensing  and  Exhausting  Pumps. 

One  Anemometer. 

Seven  Sonometers. 

Six  Vibrating  Forks  and  Resonators. 

One  Savart's  Toothed  Wheel  Apparatus. 

One  Lissajous'  Apparatus. 

One  Set  Singing  Flame  Apparatus. 

Twelve  Sets  Apparatus  for  Velocity  of  Sound. 

Twelve  Sets  Apparatus  for  Calibrating  Thermo uv*  ami  Xhttcr- 

mining  Specific  Heats. 
One  Pyrometer. 
One  Set  Natterer  Tubes. 
One  Maximum  and  Minimum  Thermometer. 
Thirty  Calorimeters. 
One  Achromatic  Prism. 
Eight  Geneva  Spectra-Goniometers. 
Twelve  Prisms  for  same. 
One  Plane  Rowland  Grating  with  Mounting. 
One  Glass  Grating  for  Projection  of  Spectra. 
One  pair  Tourmaline  Pincets. 

One  Table  Polariscope  with  Convergent  Ring  System. 
One  Single  Electric  Projection  Lantern. 
One  Combined  Microscope  and  Polariscope  fltU.*<l  to  &une. 
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One  Newton  A  Co'*  Bi-Uaial  Optical  Lantern,  complete  witk  gas 
jets  and  arc  lamp. 

One  Wright's  Projecting  PoUriscope  by  Newton  &  Co. 

One  set  Specimens  for  projecting  Polariaeope. 

Ooe  Projecting  Micro  PoUriscope  by  Newton  A  Co. 

Oae  Wrights  Refraction  Tank  for  Optical  Lantern. 

One  Wright's  Wave  Apparatus  for  Optical  Lantern. 

One  Moore's  Wave  and  Beat  Apparatus  for  Optical  T intern, 

One  Huyghen's  Apparatus  for  Optical  Lantern. 

One  Newton's  Ring  Apparatus  for  Projection. 

One  Bansen's  Photometer. 

Three  Bradley's  Marine  Sextants. 

One  Heath  &  Co.'s  Sextant  with  Artificial  Horizon. 

Twelve  Plain  Reading  Telescopes  with  Scales. 

Eight  Genera  Reading  Telescopes  with  Scales. 

One  Lamp  and  Scale. 

One  Electromagnet. 

One  Electrophorns. 

One  Toepler-Holtz  Machine. 

One  Gold-Leaf  Electroscope. 

One  Elliot  Brothers'  Quadrant  Electrometer. 

Six  Ley  den  Jars. 

Six  Copper  Voltameters. 

Six  Volume  Voltameters. 

Four  Sets  Geissler  Tubes. 

One  Clamond's  Thermo-Battery. 

Two  Thermopiles, 

Twelve  Calorimeters  with  Resistance  Coils. 

Seven  Astatic  Pointer  Galvanometers. 

Four  Mirror  Galvanometers  with  Interchangeable  Long  and  Short 
Coils. 

Four  Mirror  Galvanometers  with  Long  Coils. 

Twelve  Tangent  Galvanometers  with  Long  and  Short  Coils. 

Three  Tangent  Galvanometers,  Helmholtz-Gaugain  form. 

One  Single  Ring  Tangent  Galvanometer. 

One  Focault  Apparatus. 

Four  sets  Primary  and  Secondary  Coils. 

One  small  Induction  CoiL 

One  large  Induction  Coil. 
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Five  Earth  Inductors. 
One  small  Hand  Dynamo. 
Five  small  Electro-Motors.  ' 

One  Continuous  Rheostat,  Lord  Kelvin's  Form. 
One  Kohlrausch  Universal  Rheometer. 
Seven  Meter  Bridges. 

Eight  Box  Wheatstone  Bridge  and  Resistance  Sets,  range  1-100  to 
11,110  ohms. 
One  Portable  Testing  Apparatus,  range  0.0002  to  555555  ohms. 

The  courses  offered  by  the  department  of  Physics  are  as 
follows: 

B  1. — General  Physics. 

PROFESSOR  McNAIR  AND  MR.  KNOX. 

An  elementary  course  including  Mechanics,  Heat,  Light,  Magnet- 
ism, and  Electricity.  Lecture,  recitation,  and  laboratory  work  pro- 
ceed together  throughout  the  course. 

Text-books  are  Lock's  Mechanics  for  Beginners,  Glazebrook's 
Heat  and  Light,  Thompson's  Electricity  and  Magnetism,  Sabine's 
Laboratory  Manual,  and  printed  lecture  notes.  The  geometrical 
side  of  Light  is  developed  mostly  in  the  laboratory,  the  wave  theory 
and  polarization  in  the  lecture  room  with  the  optical  lantern  and 
the  arc  light. 

Twelve  hours  a  week,  thirty-four  weeks.  To  count  as  a  full 
course.  Must  be  preceded  by,  or  accompanied  with,  subjects  A  1 
(Algebra),  and  A  2  (Plane  Trigonometry). 

B  2. — Physical  Measurements. 

PROFESSOR  McNAIR  AND  MR.  KNOX. 

A  more  advanced  course  in  measurements  of  precision,  open  to 
those  who  have  taken  subjects  A  5  (Calculus),  and  B  1  (Physics). 

The  work  offered  will  be  mainly  in  the  determination  of  densities, 
moments  of  inertia,  calorimetry  and  photometry. 

Each  student  will  work  independently  of  all  others,  and  to  a  con- 
siderable extent  the  choice  of  the  line  of  work  he  is  to  pursue  will 
lie  with  him. 

Text-books  are  Nichol's  Manual  of  Laboratory  Physics,  and 
Stewart  &  Gee's  Elementary  Practical  Physics,  Vols.  I  and  III. 
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B  3. — Electrical  yfttt&urfmant** 
PBomroa  mchajR. 
The  mnnung  use  of  *laetrici£y  in  mining  s 
hns  caused  the  Sfichigan  Mining  School 
facilities  forgiving  matiuctxon  in  this  9ub;jecX> 

The  ciuiiuw  in  Electrical  lfi  ■miieiiwiita  is  offered  to  those  who  an? 
making  Electrical  Enghraamg  their  principal  subject,  toon*  was 
intend  taking  op  Electrolytic  or  Electro-imrtaitnrgicai  work,  and  to 
any  others  who  wish  Co  become  familiar  with  chow  i 

puniUcal  application  of  this  agents 

In  the  course  are  rnrhided  the  aseeanrsnient  of  Cuiii'et» 
ance.  Potential  Difference,  Electromotive  Faroe.  '^unuliiT.  Ca 
Mutual  and  Self  Induction.  Strength  of  FiekL  etc 

In  the  lectare  room  the  theory  of  a  given  rneaanrement  ia  taken  up; 
then  the  construction  and  calibration  of  the  inatromeBt  need  im  the 
meaeureiuent  are  studied,  the  instrument  being  at  band  for  i 
turn;  and  finally,  in  the  laboratory,  the  student calibrates,  if  i 
and  oeaa  the  instrument  in  making  the  inoasiiiiiiiHiiit 

Examples  of  all  of  the  principal  instruments  need  in  naoanm  elan* 
tricai  methods  are  owned  by  this  institution,  and  are  available  for 
the  work  of  this  course.  Among  them  may  be  iiwnrinf  ri  a  Kelvin 
Composite  Balance;  a  Siemens  ElectrodyriaiTM luwitoi .  a  Weston 
Portable  Ammeter:  a  vertical  Magnet  D'Arsonral  Galvanometer 
with  Shunt  Box;  a  Differential  D1  Arsonval  Galvanometer;  a  Vtueea 
Horizontal  Magnet  D' Arsonval  Galvanometer;  eight  Kohlransch 
Differential  (ialvaoometers  by  Hartman  and  Bratm;  a  WOlyousg 
Thomson  Astatic  Galvanometer:  a  Will  young  Ballistic  Galvanom- 
eter; two  Rowland  D' Arsonval  Galvanometers  with  Railwtir  Sys- 
tems by  Willyoung  <fc  Co.;  an  Ayrton  Shunt  Box;  a  Special 
Meter  Bridge  by  Willyoung  A  Co.;  a  Queen  Anthony  Bridge  and 
Resistance  Set;  two  Standard  B.  A.  Units  by  Elliot  Brothers;  a 
Crompton  Potentiometer,  station  class,  with  Standard  Rewnrtancrw  for 
Current  Measurement,  by  Crompton  &  Co.;  a  Weston  Portable 
Direct  Voltmeter;  a  Weston  Portable  Alternating  Current  Voltmeter; 
a  Marshall  Standard  One  Microfarad  Condenser;  a  variable  Standard 
of  Self  Induction;  and  a  Double  Deflector  Magnetometer. 
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The  Text-books  are  Carhart  and  Patterson's  Electrical  Measure* 
meats,  and  Nichol's  Laboratory  Manual. 

Three  times  a  week,  thirty-four  weeks.  To  count  as  a  full  course. 
Must  be  preceded  by  subjects  B  1  (Physics)  and  C  1  (Analytic 
Mechanics). 

MECHANICS. 

PROFESSOR  McNAIR. 
An  attempt  is  made  in  Mechanics  to  develop  the  essential  princi- 
ples, and  to  render  the  student  proficient  in  applying  them  to  practi- 
cal rather  than  theoretical  problems.  To  this  end  a  large  number  of 
problems  are  solved,  which,  so  far  as  possible,  are  selected  from  ma- 
chines or  structures  with  which  the  student  is  already  familiar,  or 
the  study  of  which  he  is  subsequently  to  take  up. 

C  1. — Analytic  Mechanics. 

PROFESSOR  McNAIR. 

Church's  Mechanics  of  Engineering,  Parts  I  and  II,  Statics  and 
Dynamics,  is  made  the  basis  of  this  and  the  following  course. 

Subject  C  1  is  given  three  times  a  week  for  fourteen  weeks,  in  the 
winter  term.    Counts  as  two-fifths  of  a  course. 

It  must  be  preceded  by  subject  B  1  ( Physics ),  and  preceded  by 
or  accompanied  with,  subject  A  5  (Calculus). 

C  2. — Analytic  Mechanics. 

PROFESSOR  McNAIR. 

Subject  C  2  continues  the  work  begun  in  subject  C  1  and  is  given 
three  times  a  week,  fourteen  weeks,  in  the  fall  term.  Counts  as  two- 
fifths  of  a  course. 

It  must  be  preceded  by  subject  C  1  ( Analytic  Mechanics ). 

CHEMISTRY. 

PROFESSOR  KOENIO  AND  MR.   BURRALL. 

The  instruction  in  chemistry  is  designed  to  excite  in  the 
student  a  love  for  experimentation  and  to  train  him  in  induct- 
ive thinking.  If  this  aim  can  be  reached,  or  if  it  can  only  be 
approximated,  it  is  believed  that  the  gain  to  the  student  will 
be  great,  much  greater  than  the  accumulation  of  any  nura- 
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ber  of  facts  might  be  to  him.  For  all  the  modern  advance- 
ment in  the  subjugation  of  Nature's  forces  is  owing  to  experi- 
ment, and  we  know  from  the  autobiographical  statements  of 
many  inventors  of  genius,  that  they  lost  the  labor  of  years 
through  the  lack  of  training  in  properly  correlating  the 
results  of  their  experiments. 

In  carrying  out  the  plan  of  this  course  it  has  been  found  necessary 
and  useful  to  abandon  the  use  of  text  books  altogether.  For  no  mat- 
ter how  such  a  text-book  be  written  and  arranged  it  will  present  to 
the  beginner  the  science  of  chemistry  as  a  finished  edifice,  very 
wonderful  and  very  intricate  in  its  details.  The  study  of  it  thus  be- 
comes of  necessity  mechanical ;  the  memory  is  loaded  with  facts 
and  figures,  and  the  thinking  faculties  become  numbed  rather 
than  quickened.  Experience  of  years  has  shown,  that  even  a  set  of 
notes  will  have  a  similar  effect  on  the  student  The  bast  results  are 
obtained  when  the  teacher  builds  up  the  science  from  experiment,  by 
making  suggestions  leading  the  student  to  experiment  on  similar 
bodies  in  his  own  way.  In  this  course  there  are  no  definitions  to 
start  with  of  atoms,  molecules  and  structural  formula?.  By 
means  of  a  proper  selection  of  common  bodies,  the  student  not  only 
discovers  the  qualitative  and  quantitative  relations  of  matter,  the 
simple  and  compound  bodies,  but  he  reveals  his  very  reagents  as 
he  goes  along;  he  comes  to  compare  and  correlate  the  phenomena; 
he  finally  classifies  the  phenomena,  and  works  up  to  the  evolution  of 
their  laws.  It  is  not  claimed  that  any  and  all  brain  organisations 
will  become  thinking  instruments  under  this  system.  But  it  is 
claimed  that  it  will  greatly  stimulate  and  improve  existing  faculties. 

F  1. — General  Experimental  Chemistry. 

PROFESSOR  KOENIU  AND  MR.   BURRALL. 

Nine  hours  a  week  for  twenty-eight  weeks;  one  recitation,  two 
lectures,  and  six  hours  of  laboratory  work  each  week;  to  count  as  a 
four-fifths  course. 
The  instruction  in  this  subject  covers  the  following  ground  : 
First.  Experiments  with  the  common  metals,  their  action  when 
heated  in  air,  and  when  heated  in  the  absence  of  air;  discovery  of 
the  composite  nature  of  air:  a  life  sustaining  part  (ozone);  a  life  des- 
troying part  (azote).    Specific  gravity  of  azote  by  direct  weight  and 
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of  ozoae  by  calculation.  The  increase  in  weight  of  ni elate  whoa 
heated  in  air,  discovery  of  ozonites  (oxides).  Ratio  of  increase. 
Burning  of  sulphur  in  air,  discovery  of  a  gaseous  sulphur  ozomte 
possessing  an  acid  taste;  change  of  the  name  ozone  into  oxygen. 
Restoration  of  the  original  metals  from  the  ozonites  by  the  action  of 
charcoal;  nonce  the  notion  of  elements  or  simple  bodies,  Actio  a  or 
the  common  metals  at  a  red  heat  upon  steam,  the  forming  of  bodies 
similar  to  the  oxides  and  of  an  inflammable  gas;  discovery  of  hydro* 
gen  and  its  properties.  Proving  the  identity  of  water-oxides  with 
air  oxides,  hence  the  conclusion  that  water  is  a  combination  of  oxy- 
gen with  hydrogen. 

Second  (1.)  The  study  of  copperas  or  vitriol.  Under  the  action  of 
beat  it  yields  an  oily  liquid — the  oil  of  vitriol.  Correlation  of  this  body 
with  the  sulphur  oxide.  With  the  oil  of  vitriol  the  student  ha* 
gained  now  a  powerful  reagent,  but  he  does  not  know,  and  should 
not  be  told  at  this  stage  of  his  development,  that  this  oil  of  vitriol  is 
H  •  SO 4 .  The  body  is  for  his  purposes  simply  oil  of  vitriol  for  which 
the  symbol  Ov  may  stand. 

(2.)  Study  of  potash,  soda  ash,  limestone.  Their  action  with  beat, 
with  heat  and  charcoal,  with  oil  of  vitriol.  Their  action  upon  each 
other;  of  burnt  lime  upon  potash.  Discovery  of  potassium,  sodium. 
calcium,  and  of  caustic  soda,  caustic  potash  and  of  a  non  Life-m* 
taining,  heavy,  slightly  sour  gas,  lime  gas  (not  CO1).  Alkaline  re- 
action, acid  reaction;  the  notion  of  hydroxides,  of  acid  hydroxides 
and  of  basic  hydroxides. 

(3.)  Study  of  common  salt,  the  mother-liquor  salt  and  the  varoc 
salt.  The  spirits  of  salt.  Decomposition  into  a  green  gas  and  hydru- 
gen.  Chlorine  probably  a  simple  body.  Bromine,  iodine,  fluorine, 
Action  of  chlorine  upon  hydrogen  in  equal  volumes.  Tin-  theory  of 
combinations  by  volumes;  the  notion  of  molecule*  and  atoms:  of 
molecular  weights  and  atomic  weights.  The  action  of  chlorine  upon 
the  common  metals— the  chlorides,  their  properties  Reproduction 
of  salt  by  acting  with  spirits  of  salt  upon  soda-a^h  — hence  the 
identity  of  the  metal  in  salt  and  soda-ash.  Atomic  weight  of  sod  in  m 
and  potassium  by  experiment. 

(4.)  The  study  of  nitre.  Action  in  heat.  Yields  a  gas  which  bus- 
tains  combustion  and  animal  breathing.  Identification  of  this  gas 
with  the  ozone  or  oxygen  of  the  air.  The  notion  of  super  or  per- 
oxides.   The  spirits  of  nitre.     Its  action  upon  the  metals,     Discovery 
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of  nitrogen  and  identification  of  this  gas  with  the  azote  of  the  air. 
The  several  oxides  of  nitrogen.  Nitrogen  chloride.  Action  of  zinc 
and  caustic  potash  upon  nitre.  Discovery  of  a  gaseous  alkaline  body. 
Ammonia.  Study  of  its  properties  and  combinations;  ammonium 
salts. 

(5.)  The  study  of  sulphur.  The  oxides  and  chlorides  of  sulphur. 
The  manufacture  of  hydrogen  sulphate. 

(6.)  Discovery  of  carbon  by  decomposing  the  limestone  gas  with 
sodium.  Identification  of  this  body  with  the  substance  of  charcoal  „ 
of  mineral  coal,  of  plant  and  animal  structures.  The  mineral  oils, 
the  natural  gases.  The  fats,  alcohols,  ethers,  albumenoid  bodies. 
Discovery  of  cyanogen  and  its  principal  compounds. 

(7.)  The  study  of  bone-ash  and  discovery  of  phosphorus-oxides  and 
hydroxides  of  phosphorus. 

(9.)  The  study  of  borax  and  quartz;  boron  and  silicon. 

(10.)  Theoretical  deductions.  Electrolysis.  Thermo-chemistry. 
Structural  and  stereographic  formulas. 

The  students  are  required  to  take  notes  during  the  lectures,  and 
they  must  keep  a  detailed  account  of  their  own  observations  and  de- 
ductions in  the  laboratory.  The  term  standing  is  derived  from  these 
notes  and  from  the  recitations,  which  are  held  once  a  week. 

F  2. — Blowpipe  Analysis. 

PROFESSOR  KOENIG  AND  MB.  BURRALL. 

Twelve  hours  per  week  for  six  weeks.  Two  lectures,  one  recita- 
tion and  nine  hours  of  laboratory  work  each  week.  To  count  for 
one-fifth  of  a  course. 

This  is  a  short  course  in  Qualitative  Analysis  in  which  preference 
is  given  to  reactions  in  the  igneous  way,  so  that  students  may  be 
enabled  to  take  the  course  in  Mineralogy  with  full  benefit. 

Brush's  tables  and  Landauer's  small  treatise  are  referred  to. 

To  be  preceded  by  subject  F  1  (General  Chemistry). 

F  3. — Qualitative  Analysis. 

PROFESSOR  KOENIO  AND  MR.  BURR  ALL. 

Nine  hours  a  week  for  twenty -eight  weeks.    Two  lectures,  one 
recitation,  and  six  hours  of  laboratory  work  each  week. 
To  count  for  four-fifths  of  a  course. 
This  course  comprises  the  chemistry  of  the  metals.    The  students 


Departments  of  Instruction.  89 

are  to  make  the  salts  of  the  metals  and  then  compare  the  differences 
existing  in  the  same  classes,  whereby  they  are  enabled  to  under- 
stand the  reasons  upon  which  the  schemes  for  separation  are  based. 
The  use  of  the  spectroscope  is  introduced.  More  intricate  blowpipe 
reactions  than  those  taken  in  subject  F  2  (Blowpipe  Analysis',  such 
as  the  separation  of  manganese,  iron,  cobalt,  nickel  and  copper,  in 
the  form  of  arsenides,  are  studied. 

Elliott's  tables  are  used  as  a  guide. 

Must  be  preceded  by  F  1  (General  Chemistry),  and  F  2  (Blowpipe 
Analysis). 

F  4. — Quantitative  Analysis. 

PROFESSOR  KOENIO  AND  MR.   BURRALL. 

Twelve  hours  a  week  for  thirty-four  weeks.  Two  lectures,  one 
recitation,  and  seven  hours  of  laboratory  work  a  week.  To  count  as 
a  full  course. 

The  course  opens  with  volumetric  analysis:  acidimetry,  alkali- 
metry and  permanganate  methods,  volumetric  analysis  of  lime- 
stones. Analysis  of  copper  ores:  gravimetric,  volumetric,  colon- 
metric  and. electrolytic  methods.  Analysis  of  iron  ores.  In  the 
soluble  portion  there  are  determined  volumetrically,  the  element 
iron,  manganese,  phosphorus.  In  the  insoluble  portion  there  are 
determined  gravimetrically:  SiO',  TiO*,  Cr'O8,  Al*08,  FefO\  MnO», 
CaO,  MgO.  The  material  for  this  analysis  is  prepared  anil  mixed 
artificially  so  that  all  the  bodies  appear  in  weighable  proportions* 
In  separate  portions  are  determined  sulphur  (by  fusion  with  niLre 
and  sodium  carbonate),  carbon  dioxide  and  water.  It  will  be  seen 
that  the  analysis  covers  all  the  operations  of  silicate  analysis,  except 
the  alkalies,  and  therefore  a  separate  analysis  of  furnace  slag  is  not 
needed,  to  teach  its  methods. 

Analysis  of  a  matte  containing  arsenic,  antimony,  tin,  bismuth, 
silver,  copper,  lead,  cadmium,  zinc,  iron  and  sulphur.  Analysis  of 
pig  iron  for  graphite,  combined  carbon,  managnese,  phosphorus 
and  sulphur. 

Analysis  of  steel.  Determination  of  carbon  by  the  copper;  a  mmon- 
ium  chloride,  wet  and  dry  combustion,  and  colorimetry  process; 
manganese  by  colorimetry;  phosphorus  by  molybdic  solution  and 
titration  with  permanganate  solution;  sulphur  by  bromine  method; 
and  filially  determination  of  silicon.  The  lectures  [cover  a  more 
extended  range  of  analytical  methods,  but  the  student*  are  not 
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required  to  complete  any  work  aside  from  that  given  above.    Fre- 
senius's  Quantitative  Analysis  is  used  as  a  book  of  reference.    Pro- 
fessor Koenig's  notes  also  are  followed  in  the  work. 
Must  be  preoeded  by  F  3  (Qualitative  Analysis). 

F  5. — Advanced  Quantitative  Analysis. 

PROFESSOR  KOENIO. 

Twelve  hours  a  week  for  thirty-four  weeks.  One  lecture,  one  reci- 
tation and  eight  hours  of  laboratory  work  a  week.  To  count  as  one 
full  course. 

This  course  embraces:  the  analysis  of  fats,  oils  and  soaps;  the 
extraction  and  estimation  of  poisons;  the  analysis  of  fertilizers, 
the  analysis  of  explosives;  the  estimation  and  separation  of  the 
rare  elements  in  minerals;  analysis  of  Samarskite;  nitrometry,  and 
oxygenometry.    Theoretical  chemistry. 

Must  be  preceded  by,  or  accompanied  with,  F  4  (Quantitative 
Analysis). 

F  G. — Synthetic  Chemistry. 

PROFESSOR  KOENIO. 

Eighteen  hours  a  week  for  thirty-four  weeks.  To  count  as  two 
full  courses.  Candidates  must  have  completed  subjects  F  4  (Quanti- 
tative Analysis),  F  5  (Advanced  Quantitative  Analysis)  and  W  2 
(Mineralogy). 

This  course  is  intended  as  an  amplification  of  the  course  in  Gen- 
eral Chemistry,  or  to  cultivate  the  field  of  original  discovery  and  in- 
vention, or  to  produce  with  known  reactions  a  desired  commercial 
result.  Students  who  wish  to  take  this  course  must  have  shown  by 
their  previous  work  that  they  possess  the  required  originality  of 
mind  and  practical  sense.  To  all  others  it  is  a  waste  of  time.  The  stu- 
dents are  required  to  read  much  chemical  literature  and  to  discuss 
their  reading  in  a  seminar  to  be  appointed  from  time  to  time.  The 
subjects  of  experimentation  may  either  originate  with  the  student  or 
may  be  suggested  by  the  professor. 

The  student  must  keep  a  minute  account  of  all  his  work,  in  arrang- 
ing ithe  apparatus,  as  well  as  in  the  actual  experiment,  whether  the 
latter  be  a  failure  pr  a  success, 
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G.  METALLURGY. 

PROFESSOR  KOENIG  AND  MR.   BURRALL. 

G  1. — Assaying. 

PROFESSOR  KOENIO  AND  MR.  BURRALL. 

One  hundred  and  forty-four  hours  as  follows: 

Twenty-four  lectures,  once  a  week,  and  one  hundred  and  twenty 
hours  of  laboratory  work. 

To  count  as  two-fifths  of  a  course. 

The  laboratory  work  may  be  done  at  any  time  during  tlie  winter 
termor  during  the  first  six  weeks  of  the  summer  term,  provided 
that  the  student  puts  in  at  least  four  hours  a  day  of  consecutive 
work. 

The  furnace  assaying  comprises:  silver  ores  by  b< ixrificatioti  mid 
crucible  methods;  gold  ores  by  roasting  and  crucible  fuattm,  liy 
nitre  in  crucible  fusion,  by  lead  oxide  in  crucible  f usiun ;  Lead  ores 
by  iron  precipitation  and  by  roasting;  native  copper  concent  rates 
and  slimes,  by  crucible  fusion;  tin  ores  by  German  method;  by 
potassium  cyanide  method;  by  Professor  Koenig's  method  (reduction 
in  hydrogen  and  the  loss  of  weight  giving  percentage  of  Liu,  after 
having  previously  removed  all  reducible  and  volatile  bodies  l>y  roast- 
ing and  extraction  with  boiling  hydrogen  chloride). 

The  assaying  in  the  humid  way  comprises:  bullion  assaying; 
titration  according  to  Gay-Lussac,  and  Volhard;  parting  by  quarta* 
tion ;  zinc  ores  by  the  potassium  ferrocyanide  method  ;  lead  ores 
by  Professor  Koenig's  universal  method. 

The  ore  samples  used  in  this  assay  work  are  mostly  artificial  min- 
eral mixtures  most  carefully  prepared,  so  that  the  difficulties,  and 
losses  which  are  inherent  in  the  different  methods  may  he  fully  com- 
prehended by  the  student. 

Must  be  preceded  by  subject  F  3  (Qualitative  Analysis;. 

G  2. — Metallurgy. 

PROFESSOR  KOENIG. 

Three  times  a  week  for  thirty-four  weeks,  or  two  lectures  and  one 
recitation  a  week.    To  count  as  one  full  course. 

It  is  the  intention  that  the  student  acquire  in  this  course  the  prin- 
ciples and  practice  of  modern  methods  in  the  extraction  of  the  tech- 
nically useful  metals.    For  those  who  intend  to  follow  metallurgy  as 
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a  specialty  it  is  to  be  the  broad  foundation  upon  which  to  raise  their 
farther  education.  Others  will  through  it  be  enabled  to  read  under- 
standingly  the  technical  advances  in  the  current  literature. 

The  instruction  covers  the  following  subjects: 

(1 .)  Fuel :  gas  versus  oils  and  solid  coal,  its  technical  and  economical 
aspects;  essential  and  unessential  parts  in  gas  generator;  smokeless 
combustion.  Coking.  The  physical  and  chemical  qualities  of  pig 
iron.  Relations  between  the  compostion  of  iron  ores  and  the  result- 
ing pig  iron.  The  chemistry  of  the  blast  furnace.  Calculation  of 
cinder  or  slag  compositions.  Influence  of  the  profile,  cross  sections 
and  height  of  the  blast  furnace  upon  the  qualities  and  quantity  of 
the  product. 

(2.)  Dry  puddling.  The  Bessemer  process.  The  Thomas -Gilchrist 
process. 

(3.)  Wet  puddling;  the  common  puddling  furnace;  the  rotary 
puddlers;  the  open  hearth  process.  Washing  out  of  phosphorus. 
Washing  out  of  sulphur  by  manganese.  Crucible  steel;  cement  steel ; 
Mushet  steel,  chrome  steel;  phosphor  steel.  Theory  of  the  temper- 
ing process  Malleable  cast  iron.  Ferro-silicon  in  steel-casting. 
The  Harvey  process.  Aluminum  in  melting  and  casting  wrought 
iroo. 

(4.)  The  metallurgy  of  lead,  copper,  silver,  gold.  The  Muldener- 
Huette  Process.  Desilverization  of  work  lead  by  zinc  and  aluminum. 
Cupellation.  The  refining  of  copper  matte.  Separation  of  copper, 
silver  and  gold  by  electrolysis  of  the  matte,  or  of  the  black  copper 
by  Ziervogel's  process. 

(5.)  The  leaching  process:  sulphate  leaching;  brine  leaching; 
copper— sodium  hyposulphite  leachiug,  potassium  cyanide  leaching 
and  other  chemical  possibilities.  Chlorination  in  the  dry  way  by 
Htettefeldt's  furnace;  by  Bruckner's  furnace  and  its  modifications. 
In  the  wet  way  according  to  Plattner,  Meass  and  Koenig.  Amalga- 
mation.   Refining  of  crude  bullion;  parting  of  gold  and  silver. 

The  metallurgy  of  zinc  and  aluminum. 

To  be  preceded  by  F  3  (Qualitative  Analysis)  and  preceded  by,  or 
accompanied  with,  F  4  (Quantitative  Analysis)  and  W  2  (Mineral* 
ogy). 
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G  3. — Metallurgical  Experimentation. 

PROFESSOR  KOENIO. 

Nine  hoars  a  week  for  thirty-four  weeks.  To  count  as  one  full 
course.  There  are  no  lectures  in  this  course;  the  work  is  wholly  ex- 
perimental. Students  must  have  completed  subjects  F  4  (Quantita- 
tive Analysis).  G  1  (Assaying),  G  2  (Metallurgy),  and  W  2  (Mineral- 
ogy). 

The  student  may  choose  among  the  following  subjects: 

(1).  Comparative  extraction  of  gold  ores  by  amalgamation,  by 
chlorination,  and  by  the  smelting  process;  that  is  to  say,  to  prove  by 
experiment  which  of  the  foregoing  methods  will  yield  the  high- 
est percentage  of  gold  from  a  given  gold  ore. 

(2).  Comparative  extraction  of  silver  ores  by  amalgamation  or 
leaching. 

(3).  Electrolysis  of  ores  or  secondary  products  either  in  aqueous  or 
igneous  liquefaction. 

(4).  The  influence  of  small  quantities  of  negative  elements  upon 
the  physical  properties  of  metals  and  metallic  alloys. 

(5).  Microscopic  study  of  metals  and  alloys. 

After  the  student  has  chosen  the  subject  of  his*  investigation, 
he  will  be  required  to  read  all  the  more  recent  literature  upon  the  sub- 
ject, and  to  extract,  condense  and  digest  the  same.  The  Professor  will 
discuss  the  methods  of  investigation  with  the  student  and  a  plan 
will  be  fixed  upon  as  to  the  kind  and  sequence  of  the  ex- 
periments. The  experience  which  a  student  may  gain  in  this  work 
is  of  great  value  to  him  in  conducting  a  testing  laboratory  and  in 
taking  upon  himself  the  superintendence  of  any  metallurgical  plant. 

G  4. — Special  Metallurgy  and  Metallurgical  Designing. 

PROFESSOR  KOENIG  AND  MR.   BURRALL. 

Nine  hours  a  week  for  thirty-four  weeks.    To  count  a  full  course. 

Candidates  for  this  course  must  have  completed  subjects  F  4  (Quan- 
titative Analysis),  G  1  (Assaying),  G  2  (Metallurgy),  L  4  (Graphical 
8tatic8),  M  3  (Mechanism),  M  5  (Mechanical  Engineering),  and  W  2 
(Mineralogy). 

One  lecture  a  week  on  special  metallurgical  subjects.  The  practi- 
cal part  of  the  work  comes  under  two  heads: 

1.  The  student  is  directed  to  analyze  sectional  drawings  of  fur- 
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Daces,  in  regard  to  number,  shape  and  dimensions  of  parts,  and  their 
relation  to  the  temperature  and  chemical  action  of  the  solids  and 
gases  which  come  in  contact  with  them. 

2.  Designing  of  a  complete  plant  for  the  redaction  of  a  given  ore 
and  certain  topographical  features  of  the  locality.  Estimation  of 
the  required  power;  arrangement  of  the  machinery  as  to  economy 
of  space  and  economy  of  manual  labor  in  the  successive  operations; 
estimated  cost  of  the  plant. 

L.    DRAWING. 

PROFESSORS  KIDWELL  AND  SPERR  AND  MR.  MOORE  AND    MR.  HOULR. 

The  instruction  in  Drawing  is  designed  to  give  special 
prominence  to  such  branches  of  the  subject  as  are  of  most 
value  to  the  engineer,  hence  perspective,  shades  and  shad- 
ows, etc.,  are  excluded,  and  all  the  time  is  devoted  to 
mechanical  and  topographical  drawing,  and  their  applica- 
tions.    The  following  schedule  shows  details  of  courses: 

L  1. — Mechanical  L  rawing. 

MR.  MOORE. 

(a).  Description,  Preparation  and  Testing  op  Drawing  In- 
struments and  Materials:  Graphical  solution  of  geometrical 
problems.  Descriptive  Geometry.  Projections  on  right  and  oblique 
planes;  intersections  of  lines,  surfaces,  and  solids;  plans,  elevations 
and  sections;  isometric  and  cabinet  projection. 

Anthony's  Elements  of  Mechanical  Drawing. 

Lettering;  Soennecken's  system  of  round  writing.  Roman,  Italic, 
Gothic,  block,  and  free  hand  lettering. 

(b).  Construction  Drawing:  Making  of  complete  working  draw- 
ings of  various  details  of  machine  work  and  timber  construction, 
from  rough  sketches,  or  from  the  model.    Tracing  and  blue  printing. 

Anthony's  Machine  Drawing  is  used  as  a  text-book. 

(c).  Free-hand  Sketching:  Making  working  sketches,  with  all 
necessary  views,  sections,  dimensions,  etc.,  of  pieces  of  machinery 
or  timber  constructions  assigned  by  the  instructor.  This  work  must 
be  done  by  the  student  outside  of  the  class  hours,  in  a  book  of  sec- 
tioned paper  devoted  exclusively  to  this  subject,  and  turned  in  for 
inspection  on  the  date  set  by  the  instructor. 

Eighteen  hours  a  week  for  eight  weeks  and  nine  hours  a  week  for 
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twenty-six  weeks.    Subject  L 1  must  be  taken  as  a  whole,  and  counts 
as  one  full  course. 

Instruments  and  Materials  Needed  by  Students. 

For  the  convenience  of  those  who  desire  to  purchase  their  drawing 
outfit  before  coming  to  Hough  too,  the  following  list  has  been  pre- 
pared. 

The  articles  called  for  in  this  list  are  necessary  for  a  proper  prose- 
cution  of  the  course,  and  care  should  therefore  be  taken  to  Ret  the 
exact  instruments  specified,  or  others  of  equal  grade.  Those  with- 
out experience  in  judging  such  material  are  strongly  advised  to 
adhere  strictly  to  these  lists.  Experience  has  shown  that  almost 
invariably  when  the  list  has  been  disregarded  the  result  has  been 
that  inferior  instruments  have  been  purchased,  at  a  greater  cost  than 
necessary  to  obtain  the  quality  here  called  for.  Instruments  not  up 
to  standard  will  not  be  allowed  in  the  Drawing  Room,  as  they  will 
not  give  satisfaction,  and  will  waste  the  time  of  both  instructors  and 
students. 

Instruments  to  be  got  by  those  who  wish  to  take  the  work  in  A/*f- 
chanical  Drawing,  and  the  subsequent  course  in  Machine  Dr.sign* 

One  5-inch  Alteneder  improved  right  line  pen,  or  No.  Q#r>,  Keuffel- 
Esser  5£-inch  drawing  pen. 

One  5}-inch  Alteneder  dividere  (pivot  joint)  with  hair  spring,  pen, 
pencil,  points,  and  extension  bar. 

One  8-inch  Alteneder  bow  pen,  or  No.  486  Keuffel  and  Esser  3f- 
inch  bow  pen  and  needle  point. 

One  3-inch  bow  pencil,  or  No.  487  Keuffel  and  Esser  3|-inch  spring 
bow  pencil  and  needle  point. 

One  3-inch  bow  dividers,  or  No.  485  Keuffel  and  Esser  spring  I  tow 
dividers. 

One  6-inch  brass  protractor. 

One  12-inch  triangular  scale,  divided  into  twelfths. 

One  T  square,  30-inch  blade. 

One  8-inch  30  x  60  degree  rubber  or  amber  triangle. 

One  8-inch  45  degree  rubber  or  amber  triangle. 

One  K.  &  E.  curve,  No.  1820-20. 

One  dozen  German  silver  thumb  tacks,  f  diam, 

One  bottle  Keuffel  and  Esser's  Columbia  indelible  black  drmvinjr 
ink. 


06  Micbigan  Miimre  School. 

One  bottle  Keuffei  and  Ester's  CnlMSJihia 
big  ink. 

Two  robber  pencil  eraser*. 

Ooe  piece  Artist's  gam  £  x  |  x  3  inches. 

Three  Tubers  artist's  6H  pencils. 

Ooe  bottle  paste  with  brash. 

One  medium-sized  sponge,  fine  quality. 

One  Arkansas  stone,  aboot  i  x  f  x  3  inches. 

Six  cabinet  saucers,  aboot  2|  inches  diameter. 

One  piece  chamois  skin,  aboot  12  x  18  inches. 

One  Soennecken  Round  Writing  Copy  Book,  and  a  box  of  selected 
pens,  with  holder. 

One-haJf  pan  each,  moist  colors,  as  follows:  Prussian  bine,  car- 
mine, gamboge,  Payne's  gray. 

Three  dozen  No.  1  Spenoerian  pens,  with  holder. 

A  black  enameled  tin  box,  13  x  8  x  4  inches,  with  lock,  in  which 
instruments  can  be  kept,  is  strongly  recommended. 

A  drawing  board  and  two  sable  brushes  will  also  be  required. 

Owing  to  liability  of  getting  sizes  thatwQl  not  answer,  these  latter 
should  be  purchased  in  Houghton. 

L  2. — Topographical  Drawing. 

PKOFKSSOB  BPERR  AND  MR.  HOULR. 

This  subject  precedes  the  work  in  Surveying,  and  is  designed  to 
teach  the  student  by  means  of  lectures  and  practical  work  the  art  of 
lettering,  plotting  by  protraction  and  rectangular  co-ordinates,  mak- 
ing scales  and  topographical  signs. 

Twelve  hours  a  week,  for  six  weeks.  To  count  as  a  one-fifth 
course. 

L  3. — Topographical  Drawing  (Mapping). 

PROFESSOR  SPERR  AND  MR.  HOULR. 

This  subject  follows  the  work  in  Surveying,  and  the  student  makes 
his  maps  from  the  notes  taken  in  the  field  by  himself. 

Twelve  hours  a  week,  for  six  weeks.  To  count  as  a  one-fifth  course. 
To  be  preceded  by  Q  1  (Surveying). 

Instruments  to  be  procured  by  those  who  wish  to  take  Topographical 

Drawing. 
One  5-inch  Alteneder  improved  right  line  pen. 
One  Alteneder  swivel  curve  pen. 
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One  5J^-inch  Alteneder  dividers  (pivot  joint)  with  hair  spring, 
pen,  pencil  points,  and  extension  bar. 

One  3-inch  Alteneder  bow  pen. 

One  8-inch  bow  pencil. 

One  3-inch  bow  dividers.    " 

One  6-inch  brass  protractor. 

One  13-inch  triangular,  decimal  scale. 

One  T-square,  30-inch  blade. 

One  8-inch,  80  x  60  degree  rubber  or  amber  triangle. 

One  8-inch,  45  degree  rubber  or  amber  triangle. 

One  K.  &  E.  Curve,  No.  1830  1-6. 

One  dozen  German  silver  thumb  tacks,  3-8  diam. 

One  bottle  Higgin's  waterproof  carmine  ink. 

One  bottle  Higgin's  waterproof  India  ink, 

Two  rubber  pencil  erasers. 

One  piece  artist's  gum  1-2  x  1-2  x  3  inches. 

Three  Faber's  artist's  6H  pencils. 

One  Arkansas  stone,  about  1-4x8-4x3  inches. 

One  piece  chamois  skin,  about  12  x  18  inches. 

One-half  pan  moist  Prussian  blue. 

Three  dozen  No.  1  Spencerian  pens,  with  holder. 

A  black  enameled  tin  box,  18  x  8  x  4,  with  lock,  in  which  instru- 
ments can  be  kept,  is  strongly  recommended. 

A  drawing  board  and  two  sable  brushes  will  abo  be  n  *juin  ii 

Owing  to  liability  of  getting  sizes  that  will  not  annc*  rr  thw  inttn 
should  be  purchased  in  Houghton. 

L  4. — Graphical  Statics. 

MR.   HOULE. 

Nine  hours  a  week  for  fourteen  weeks.  To  count  an  twotlflhs  of 
a  course. 

This  subject  is  designed  to  teach  the  theory  of  the  graphical  juiaJy  - 
sis  of  stresses  in  structures,  and  leads  up  to  the  subject  of  Engi- 
neering Design  and  Construction  (L  5).  The  instruction  is  given  by 
lectures,  following  Greene's  Roof  Trusses,  although  Him  principal 
part  of  the  time  is  spent  in  the  Drawing  Room  analysing  trusses, 
using  the  lectures  and  text-book  as  guides. 

This  subject  must  be  preceded  by  L  1  (Mechanical  Drawing)  and 
by  C  2  (Analytic  Mechanics). 
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L  5. — Engineering  Design  and  Construction. 

PROFESSOR  8PERR. 

The  work  in  designing  is  applied  to  the  shaft  head-frames,  rock 
houses,  engine  and  boiler  houses,  bridges,  trestles,  etc. ,  of  the  mining 
plants  considered  under  the  subject  R  4  (Mining  Engineering). 

A  general  outline  of  the  work  is  as  follows: 

1.  The  general  requirements  of  the  structure. 

2.  Drawing  the  general  plans. 

3.  The  materials  best  adapted  to  the  various  purposes. 

4.  Strength  of  materials. 

5.  Methods  of  construction. 

6.  Making  detailed  drawings,  bills  of  material,  and  estimates  of 
cost. 

7.  Synopsis  of  the  law  of  contracts. 

8.  Drawing  up  specifications. 

9.  Letting  contracts. 

10.  Superintending  the  construction. 

Nine  hours  a  week,  twenty  weeks.  To  count  as  three-fifths  of  a 
course.  To  be  preceded  by  subjects  L  4  (Graphical  Statics)  and 
R  4  (Mining  Engineering). 

L  6. — Machine  Design. 

PROFESSOR  KIDWELL  AND  MR.  MOORE. 

Determination  of  proper  proportions  for  various  minor  machine 
details,  such  as  screws,  bolts,  nuts,  keys,  and  cotters.  Pipes  and 
joints,  for  gas,  water  and  steam.  Power-transmitting  machinery:— 
shafts,  pulleys,  clutches,  hangers;  belt,  rope,  and  wire  rope  gearing; 
toothed  gearing.  Designing  of  engine  and  boiler  details,  thereby 
applying  in  actual  design  the  principles  laid  down  in  subjects  M  5,  M  7 
and  M  8.  Low  and  Bevis*  Manual  of  Machine  Drawing  and  Design, 
and  Unwin's  Machine  Design.  One  hour  lecture,  and  eleven  hours 
in  Drawing  Room,  per  week,  twenty-six  weeks.  To  count  as  one  full 
course.  To  be  preceded  by  subjects  M  5  (Mechanical  Engineering) 
and  M  6  (Testing  Materials  of  Engineering)  and  accompanied  with 
subjects  M  7  (Valve  gears)  and  M  8  (Thermodynamics). 


In  addition  to  the  regular  courses  in  Drawing  and  Designing, 
numerous  applications  of  the  subject  are  obtained  in  connection  with 
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the  other  courses;  the  students  are  required  to  prepare  w  orking 
plans  and  sections  of  a  mine  from  their  own  survey,  make  a  map 
and  profile  of  a  railroad  surveyed  by  themselves,  and  to  draw  sec- 
tions, diagrams,  maps,  etc.,  in  their  geological  field  work. 

Much  personal  instruction  is  given  in  connection  with  all  the 
above  mentioned  courses.  In  addition  to  the  regular  lectures  and 
recitations  the  professors  or  some  of  their  assistants  are  present  in 
the  Drawing  Room  during  the  hours  prescribed  for  practical  work, 
to  give  advice  and  personal  instruction  to  those  who  need  it. 

Those  who  desire  to  enter  as  special  students  to  tak*  Drawing  only, 
or  Drawing  in  conjunction  with  some  other  subject,  *4*y  do*o,  pro- 
vided the  professor  in  charge  of  the  course  is  convinced  of  their 
competency  to  profit  by  the  instruction.  To  take  up  Drawing -with 
success,  Plane,  Solid  and  Spherical  Geometry  should  have  been 
mastered.  In  case  these  subjects  have  not  been  completed,  the  pro- 
fessor under  whose  direction  the  student  is  working  will  prescribe 
as  a  necessary  part  of  the  work,  the  courses  in  Mathematics  *  hich 
should  precede  the  work  in  Drawing. 

Draughting  Room  and  Equipment. 

The  Draughting  Room  is  located  in  the  new  Engineering  Hall,  and 
is  35  x  97  feet,  with  a  28  z  84  foot  annex  containing  instructors*  offi- 
ces, blue  print  room,  lavatory,  etc.  The  room  is  on  the  north  side 
of  the  building,  thereby  insuring  perfect  freedom  from  shadows  at 
any  part  of  the  day.  It  is  provided  with  electric  lights  so  arranged 
as  to  permit  night  work  with  the  minimum  of  discomfort  The 
•drawing  tables  have  been  so  planned  that  each  student  has  private 
lockers  for  his  materials,  and  a  rack  for  his  board  and  T-square. 
There  are  two  blue  printing  frames,  capacity  8x4  feet,  a  number  of 
smaller  frames,  for  both  tracings  and  photographic  negatives,  two 
large  vats  for  developing  prints,  drying  rack,  etc.  There  are  also 
cut  models  of  pumps,  injectors,  valve  gears,  structural  material, 
wire  ropes,  drawings  of  machinery,  buildings,  models  of  trestles  and 
docks,  etc.,  used  as  illustrative  material  in  the  various  courses. 

M.    MECHANICAL  ENGINEERING. 

PROFES80R  KIDWELL  AND  MB.  MOORE. 

Since  the  successful  and  economical  operation  of  any  mine 
depends  so  largely  upon  the  judicious  selection,  proper  de- 
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sign,  and  skilful  operation  of  its  power  plant  and  general 
machinery,  the  Mining  School  offers  a  coarse  in  Mechanical 
Engineering  which  covers  all  the  ground  necessary  fully  to 
prepare  tho  student  to  take  up  such  work.  But  as  the  fun- 
damental principles  of  Mechanical  Engineering  are  the  same, 
whether  the  application  be  made  to  Mining,  or  any  other  in- 
dustry, it  has  been  possible  so  to  design  the  course  that  it 
gives  the  student  a  thorough  preparation,  and  points  out  to 
him  the  methods  of  study  and  observation  to  be  followed 
after  gradation,  should  he  decide  to  take  up  any  branch  of 
Mechanical  Engineering  as  his  specialty. 

Throughout  the  whole  course  the  attempt  is  made  to  present 
clearly  the  theory  underlying  each  part  of  the  subject,  and  then  to 
fix' the  theory  by  practical  exercises,  either  in  the  Mechanical  Labo- 
ratory, or  in  the  course  in  Designing.  The  following  subjects  are 
now  offered: 

M  1. — Properties  of  Materials  of  Engineering. 

MB.   MOORE. 

General  qualities  of  metals;  cast  and  wrought  iron,  steel,  copper, 
brass  and  bronzes;  lime,  cement,  concrete  and  brick;  paints,  etc.; 
timber,  and  cordage. 

Three  times  a  week,  twenty  weeks,  to  count  as  a  three-fifths 
course.  To  be  preceded  by  subjects  B  1  (Physics)  and  F  1  (General 
Chemistry). 

The  course  includes  a  discussion  of  methods  of  manufacture  of  the 
more  important  materials  (except  such  information  as  comes  within 
the  province  of  the  course  in  Metallurgy);  forms  in  which  these 
materials  appear  in  the  market;  their  adaptation  to  the  purposes  of 
the  engineer;  methods  of  preserving  materials  from  corrosion  and  de- 
cay; etc.  South  Kensington  Notes  on  Building  Construction,  Vol. 
III.  The  course  is  supplemented  with  practical  work  in  testing,  for 
details  of  which  see  subject  M  6  (Testing  Materials  of  Engineering). 

M  2. — Shop  Practice. 

MB.  WASS  AND  MB.  SHIELDS. 

Forty-five  hours  per  week,  eleven  weeks.  To  count  as  two  full 
courses.    To  be  preceded  by  subjects  L  1  (Mechanical  Drawing)  and 
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M 1  (Properties  of  Materials),  except  in  case  of  pupils  who  enter  for 
this  oouree  alone. 

The  classes  meet  every  week  day,  Saturday  excepted,  and  work 
nine  hours  per  day,  including  lectures  and  practical  work.  The 
entire  shop  practice  is  to  he  taken  as  a  whole  and  no  credit  can  be 
given  for  the  completion  of  any  part  of  it  alone. 

Instruction.— The  instruction  is  largely  personal,  and  each  student 
is  advanced  according  to  his  proficiency,  irrespective  of  the  progress 
made  by  other  members  of  the  class.  In  the  Machine. Shop,  prac- 
tice is  given  in  chipping,  filing,  scraping,  general  vise  work,  pipe 
fitting,  and  use  of  machine  tools.  In  the  Pattern  Shop,  a  course  in 
bench  work,  making  joints,  turning,  etc.,  precedes  actual  practice  in 
pattern  making.  To  familiarize  the  student  with  the  use  of  actual 
working  drawings,  nearly  all  work  done  in  both  shops  is  to  blue 
prints  made  in  the  drawing  room.  In  order  that  the  students  may 
learn  real  shop  methods,  as  used  at  the  present  day,  the  instructors 
who  assist  the  professor  in  charge  are  men  who  have  had  a  number 
of  years*  practical  experience  in  the  work  they  are  expected  to  teach 
here* 

The  instruction  here  followed  is  calculated  to  teach  the  student, 
from  the  very  start,  the  necessity  of  dose  and  accurate  work.  Each 
man,  as  soon  as  he  has  had  a  little  preliminary  practioe,  is  put  on 
some  piece  of  work  intended  for  actual  use,  and  held  responsible  for 
the  results.  This  plan  is  here  considered  superior  to  the  others  in 
common  use,  whereby  the  work  is  confined  to  practice  pieces  which 
end  up  in  the  scrap  pile.  No  man  will  take  extra  care  in  fitting  such 
pieces,  nor  does  a  student  regard  it  as  a  matter  of  any  consequence 
whether  the  work  is  got  out  to  exact  size  or  not,  if  it  is  to  be  thrown 
away  in  the  end. 

To  familiarise  the  student  with  the  operation  and  care  of  machin- 
ery, each  one  will  be  detailed  from  time  to  time  to  fire  the  boiler, 
run  the  engine,  clean  and  oil  the  machinery,  and  to  perform  such 
other  duties  of  this  nature  as  the  instructor  in  charge  may  assign 
him.. 

All  work  done  in  the  shops  is  considered  as  the  property  of  the 
school.  No  student  is  allowed  to  take  up  any  work  not  assigned  to 
him  by  the  instructor. 

Shop  Equipment— The  equipment  o{  the  shops  has  been  carefully 
selected.    The  machine  shop  contains  in  addition  to  the  necessary 
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work  benches,  a  24-inch  by  16-foot  New  Haven  Tool  Co.'s  engine 
lathe  with  power  cross-feed  and  compound  rest,  a  12-inch  by  Moot 
Prentice  engine  lathe,  a  14-inch  by  6-foot  Lodge  and  Davis  engine 
lathe  with  power  cross-feed,  a  18-inch  by  5-foot  Putnam  engine 
lathe,  two  hand  lathes,  a  84-inch  automatic  feed  Blaisdell  drill  press, 
a  30-inch  Lodge  and  Davis  drill  press,  a  16-inch  Gould  and  Eber- 
hardt  shaper,  a  16-inch  Boynton  and  Plummer  traverse  head  shaper, 
a  Whitcomb  planer,  of  capacity  8x2x2  feet,  a  20x20-inch  x  4-foot 
planer,  by  Wm,  Sellers  &  Co.,  a  Brainard  No.  4  Universal  milling 
machine,  one  wet  and  two  dry  emery  grinders,  a  challenge  buffer,  a 
Q.  and  C.  power  hack  saw,  and  several  smaller  machine  tools. 

The  assortment  of  chucks,  taps,  drills,  reamers  and  general  tools 
is  very  complete.  For  practice  in  pipe  fitting  a  separate  bench  has 
been  provided;  a  complete  set  of  pipe  tools,  and  a  supply  of  pipe  and 
fittings  up  to  two  inches  inclusive  are  in  stock. 

The  pattern  shop  contains  two  Clement  Wood  lathes,  one  Reed 
wood  lathe,  three  wood  lathes  built  in  the  shops,  a  pattern  maker's 
lathe  to  swing  five  feet,  a  88-inch  Fay  band  saw,  Beach  jig  saw, 
emery  wheels  and  grindstones,  Pedrick  and  Ayer  gouge  grinder, 
steam  glue  heaters,  a  very  complete  assortment  of  hand  tools  and 
appliances,  and  the  necessary  work  benches  and  vises. 

Each  student,  in  each  shop,  has  a  separate  work  bench,  set  of 
hand  tools,  and  locker,  for  which  he  will  be  held  responsible.  Any 
damage  to  tools,  or  other  part  of  the  equipment,  beyond  wear  and 
tear  by  legitimate  use,  is  charged  to  the  student  accountable  for  it, 
and  must  be  paid  for  at  once. 

Each  shop  has  its  own  separate  tool  room,  in  which  the  check  sys- 
tem of  accounting  for  tools  is  used,  thus  familiarizing  the  student 
with  its  operation  by  actual  practice. 

Power  for  the  shops  is  furnished  by  an  8  x  24  Reynolds  CorlisB 
engine,  taking  steam  from  the  Stirling  boiler.  Both  shops  are 
lighted  with  electricity,  the  current  being  obtained  from  the  school 
plant,  or  from  the  mains  of  the  local  Electric  Co.,  when  the  school 
dynamos  are  not  in  operation. 

Charges.— There  are  no  tuition  charges,  but  each  student  is 
required  to  purchase  one  machinist's  hammer,  all  hand  flies,  emery 
cloth,  a  two-foot  boxwood  rule,  waste,  and  to  pay  for  stock  used 
whenever  any  work  has  been  spoiled  through  neglect  to  obey  the 
orders  of  the  instructor. 
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Engineering  HaU.— The  work  shops,  mechanical  laboratories, 
electrical  engineering  laboratories,  and  draughting  room,  are  now 
located  in  Engineering  Hall,  a  new  building  especially  designed  for 
shop  and  laboratory  purposes.  It  is  fully  equipped  with  lavatories* 
lockers,  and  everything  necessary  for  the  students'  convenience  and 
comfort  when  at  work.    It  is  lighted  throughout  with  electricity. 

Special  Student*.— Those  who  desire  to  take  shop  work  only,  and 
devote  all  their  time  to  it,  are  admitted  as  special  students  on  the 
following  conditions.  No  student  shall  be  less  than  17  years  of  age. 
StudentB  between  the  age  of  seventeen  and  twenty  must  present  evi- 
dence of  having  spent  at  least  two  years  in  some  reputable  high 
school  or  academy.  Persons  20  years  of  age  or  over  may  be  admitted 
as  special  students,  without  having  attended  a  high  school,  provided 
they  give  evidence  of  being  able  to  follow  the  work  with  profit. 
Those  desiring  admission  as  special  students  should  apply  directly  to 
Professor  Kidweil,  and  at  the  earliest  possible  date,  so  that  due  pro- 
vision can  be  made  for  them.  Special  students  have  to  make  the 
regular  $25.00  deposit,  the  return  of  which  is  subject  to  the  following 
regulations:  No  person  urill  be  admitted  as  a  special  student  in 
shopwork,  except  with  the  distinct  understanding  that  in  addition 
to  being  subject  to  all  the  general  regulations  of  the  school,  he  must 
be  in  attendance  up  to  the  close  of  the  course,  otherwise  his  $25,00 
deposit  shall  be  forfeited.  Students  who  are  suspended  or  expelled 
are  included  in  this  rule.  Those  who  take  the  entire  course  will  be 
allowed  to  withdraw  their  deposit  when  the  shop  work  is  completed. 
The  course  is  free  to  all  who  are  qualified  to  take  it,  and  in  pur- 
suance of  its  general  policy  the  Mining  School  is  glad  to  admit,  and 
assist  all  who  are  competent,  and  seriously  determined  to  avail 
themselves  of  its  advantages;  those  who  fail  to  apply  themselves 
diligently  to  the  work,  and  who  show  that  their  presence  here  is 
of  no  advantage  to  themselves,  or  injurious  to  others,  will  be 
promptly  excluded  from  the  course. 

Such  a  special  course  cannot  be  credited  to  any  student  who  later 
on  decides  to  work  for  a  degree,  unless  courses  L  1  {Mechanical 
Drawing)  and  M 1  {Properties  of  Materials)  preceded  the  shop  work. 

M  3. — Mechanism. 

MB.   MOORE. 

Laws  of  motion,  linkwork,  cams,  teeth  of  wheels,  wheels  in  trains, 
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aggregate  motion,  miscellaneous  problems  in  applied  mechanics. 
Goodeve's  Elements  of  Mechanism.  Three  tunes  a  week,  fourteen 
weeks.  To  count  as  a  two-fifths  course.  To  be  preceded  by  subjects 
C  1  (Analytic  Mechanics)  and  L  1  (Mechanical  Drawing),  and  pre- 
ceded by,  or  accompanied  with,  subject  C  2  (Analytic  Mechanics). 

M  4. — Mechanics  of  Materials. 

MR.   MOORE. 

Application  of  the  principles  of  statics  to  rigid  bodies;  elasticity 
and  resistance  of  materials;  cantilevers;  simple,  restrained  and  con- 
tinuous beams;  bodies  of  uniform  strength;  riveting;  torsion  of 
shafts;  combined  stresses;  resilience;  apparent  and  true  stresses, 
computation  of  proper  sizes  and  proportions  of  beams,  columns, 
shafts,  flat  plates,  etc.  Merriman's  Mechanics  of  Materials.  Three 
times  a  week,  thirty-four  weeks.  To  count  as  one  full  course.  To 
be  preceded  by  subject  M  1  (Properties  of  Materials)  and  preceded  by, 
or  accompanied  with,  C  2  (Analytic  Mechanics). 

M  5. — Mechanical  Engineering. 

MR.  MOORE. 

Three  times  a  week,  thirty-four  weeks.  To  count  for  a  full  course. 
The  instruction  is  divided  as  follows: 

(a)  The  Steam  Engine.— Description  of  the  various  styles  and 
types  of  engines,  such  as  ordinary  slide  valve,  Corliss,  Westinghouse, 
Willans,  etc. ;  description  of  compound,  triple,  and  quadruple  expan- 
sion engines.  General  arrangement  of  parts,  and  discussion  of 
various  engine  details,  such  as  cylinders,  piston  and  rods;  stuffing 
boxes,  cross  heads,  cranks  and  crank  shafts,  etc.  Elementary  course, 
leading  up  to  subjects  L  6  (Machine  Designs),  M  7  (Valve  Gears)  and 
M  8  (Thermodynamics).  Text-book  used:  Whitham's  Constructive 
Steam  Engineering,  together  with  manufacturer's  trade  circulars. 
Three  hours  a  week,  five  weeks. 

(b)  Steam  Boilers.  Fuel  and  combustion;  representative  types  of 
boilers,  with  description  and  discussion  of  leading  exponents  of  each 
type:  proportions  of  boilers,  heating  surface,  grate  surface,  tube 
area,  strength  of  shell  heads,  stays,  etc.;  boiler  details,  grate  bars, 
mechanical  stokers,  settings,  breechings,  chimneys,  etc.  Leads  up 
to  subject  L  6  (Machine  Design).    Whitham's  Constructive  Steam 
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Engineering,  together  with  lectures.    Three  hours  a  week,  thirteen 
weeks. 

(c)  Engineering  Appliances.  Steam  gauges;  lubricators;  safety 
valves;  reduoing  valves;  steam  traps;  feed  heaters  and  purifiers; 
steam  separators;  grease  extractors;  damper  regulators;  surface,  jet, 
and  ejector  oondensors;  steam  pipe  and  fittings;  boiler  and  pipe 
coverings;  etc.  Taught  principally  from  manufacturer's  catalogues. 
Three  hours  a  week  five  weeks. 

(d)  Pumps  and  Pumping  Machinery.  Discussion  of  pump  details 
such  as  pistons;  plungers,  and  methods  of  packing  them;  rise  of  suc- 
tion and  delivery  pipes,  air  and  vacuum  chambers,  etc.  Types  of 
pump,  hydraulic,  force  pump,  crank  and  fly  wheel,  direct  acting, 
duplex,  compound  and  triple  expansion  pumps.  Fire,  mine,  rotary, 
centrifugal,  and  high  duty  pumps.  Duty  trials  of  pumps.  Barr's 
Pumping  Machinery,  and  Whitham's  Constructive  Steam  Engineer- 
ing.   Three  hours  a  week,  eleven  weeks. 

Subject  M  5  must  be  taken  as  a  whole,  and  counts  as  one  full 
course.  To  be  preceded  by  subjects  L  1  (Mechanical  Drawing)  and 
M  2  (Shop  Practice),  and  preceded  by  or  accompanied  with  subjects 
M  3  (Mechanism)  and  M  4  (Mechanics  of  Materials). 

M  6. — Testing  Materials  of  Engineering. 

PROFESSOR  KIDWELL  AND  MR.  MOORE. 

Tensile,  compressive,  transverse,  torsional,  and  impact  tests  of 
metals  and  timber.  Tensile  tests  of  cordage,  and  iron  and  steel  wire 
rope.  Transverse,  compressive,  and  absorption  teste  of  stone  and 
brick.  Tensile,  compressive,  cross  breaking,  and  specific  gravity 
tests  of  cement,  also  tests  for  fineness,  time  of  setting,  and  constancy 
of  volume.  Tests  of  lubricating  oils,  including  density,  viscosity, 
fire  test,  cold  test,  wearing  qualities  and  coefficient  of  friction  under 
various  speeds  and  loads  on  journal.  Lectures  and  mimeographed 
notes.  Forty-five  hours  a  week,  or  five  hours  class  room  and  thirty 
hours  laboratory  work  a  week,  five  weeks.  To  count  as  a  full 
course.    To  be  preceded  by  subject  M  4  (Mechanics  of  Materials). 

Laboratory  for  Testing  of  Materials.— The  equipment  of  this  lab- 
oratory is  as  follows:  One  100,000  lb.  Riehle  Machine,  fitted  for 
making  tensile,  compressive,  cross  breaking,  and  shearing  teste, 
(special  appliances  have  also  been  provided  to  enable  this  machine  to 
make  shearing  teste  on  wood,  and  transverse  teste  on  specimens  up 
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L  6  (Machine  Design),  M  7  (Valve  Gears)  and  M  8  (Thermodynamics). 
This  course  is  intended  to  give  the  student  ample  opportunity  to 
verify  practically  the  principles  laid  down  in  the  preceding  courses. 
Each  student  will  be  required  to  set  up  his  own  apparatus,  and  in 
many  cases  to  design  and  build  appliances  for  any  special  work  on 
hand. 

Equipment.— The  power  plant  contains  one  58  H.  P.  Stirling 
water-tube  boiler,  two  40  H.  P.  steel  return  tubular  boilers,  one  8x24 
Reynolds  Corliss  Engine  in  shops,  an  8x12  Buckeye  engine  in  dynamo 
room,  a  9x9  N.  T.  safety  vertical  slide  valve  engine  in  the  stamp  mill, 
a  5x5  horizontal  slide  valve  engine  in  laboratory  for  testing  mate- 
rials, and  one  50  H.  P.  Wheeler  surface  condenser,  with  Worthington 
air  and  circulating  pump.  Of  the  minor  apparatus  there  is  now  in 
stock  one  Tabor  indicator,  one  Crosby  indicator,  one  Hine  and  Rob- 
ertson indicator,  eight  polar  planimeters,  ten  of  Greene's  standard 
thermometers  for  calorimetric  work,  calorimeters  of  the  following 
kinds— barrel,  continuous,  superheating,  throttling,  and  separator,— 
Heath's  stop-watch  speed  counter,  Tabor  speed  counter,  Schaeffer  and 
Bundenburg  tachometer,  lazy  tongs,  Hine  and  Robertson  reducing 
motion,  draught  gauges,  Ashcroft  boiler  test  pump  and  gauge, 
gauges  for  use  with  water  or  steam,  one  Shaw's  standard  mercurial 
column  gauge  tester,  one  gauge  tester  of  the  Ashcroft  pattern,  with 
cylinder  and  plunger  made  by  Pratt  and  Whitney,  Ashcroft  pyrom- 
eter, Bristol  recording  gauge,  one  Hancock  ejector,  a  number  of 
working  injectors,  with  cut  models  of  same,  Buffalo  scales  of  several 
patterns,  Worthington  water  meter;  Worthington,  Davidson  and 
Prescott  pumps,  Prony  brakes,  8  f -inch  Leffel  turbine,  28  H  P  Van 
Dozen  gas  engine,  Deane  and  Marsh  pumps  cut  to  show  the  interior 
mechanism,  parts  of  various  sectional  boilers,  etc. 

For  further  subjects  belonging  to  the  department  of  Mechanical 
Engineering,  see 
L  1.  Mechanical  Drawing. 
L6.  Machine  Design. 

N.    ELECTRICAL  ENGINEERING. 

PROFESSOR  KID  WELL. 

The  use  of  electricity  in  mining,  as  an  illuminant;  a  motive 
power  for  hauling,   pumping,   and  operating  portable  ma- 
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chinery;  and  as  a  means  of  economically  transmitting  power 
over  long  distances,  requires  of  the  mining  engineer  a  work- 
ing knowledge  of  Electrical  Engineering,  and  to  meet  this 
requirement  the  Mining  School  at  an  early  date  introduced  a 
course  in  Electrical  Engineering.  The  course  is  limited  to 
electric  light  and  power  work,  and  does  not  include  tele- 
graphy and  telephony. 

The  instruction  is  made  as  comprehensive  as  the  time  available 
will  permit,  and  special  care  is  taken  to  familiarize  the  student  with 
the  fundamental  principles  of  the  subject.  In  no  department  of 
science  is  this  more  necessary  than  in  electrical  engineering,  if  the 
object  of  the  course  is  to  fit  the  student  to  be  an  engineer,  rather  than 
to  spend  his  time  wholly  on  applications  whose  details  are  continually 
changing,  and  thereby  in  the  end  give  him  only  a  smattering  of  the 
subject,  and  prepare  him  to  be  a  mere  starter  and  stopper.  Sufficient 
ground  is  covered  to  enable  the  student  to  understand  the  electrical 
machinery,  appliances,  and  processes  in  general  use,  but  in  all  the 
work  the  idea  kept  steadily  in  view  is  to  give  him  a  solid  foundation 
for  advanced  work,  should  he  desire  to  devote  himself  particularly  to 
Electrical  Engineering  after  graduation.  Details  of  the  courses  are 
as  follows: 

N  1. — Electrical  Engineering. 

PROFESSOR  KIDWELL. 

Electrical  instruments  and  measurements  considered  from  an  en- 
gineering standpoint;  accumulators  and  storage  of  electrical  energy; 
the  arc  and  incandescent  lamps;  photometry;  methods  of  wiring, 
and  wiring  calculations;  electrical  fittings;  etc  Introductory  course, 
designed  to  give  the  student  some  acquaintance  with  the  practical 
side  of  electrical  engineering,  and  thereby  prepare  him  to  grasp  fully 
the  bearings  of  the  mathematical  course  in  subject  N  2  (Electricity 
and  Magnetism).  Slingo  and  Brooker's  Electrical  Engineering,  and 
Badt's  Incandescent  Wiring  Handbook.  Three  hours  a  week, 
twenty-six  weeks.  To  count  as  a  four-fifths  course.  To  be  preceded 
by  or  accompanied  with  subjects  B  8  (Electrical  Measurements), 
C  2  (Analytic  Mechanics)  and  M  5  (Mechanical  Engineering). 
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N  2. — Electricity  and  Magnetism. 

PROFESSOR  EIDWELL. 

Mathematical  Discussion  of  the  fundamental  principles  of  electrio 
ity  and  magnetism,  embracing  potential,  electrostatics,  capacity 
magnetism,  steady  currents,  variable  currents,  alternating  currents, 
and  electrical  units.  Nipher's  Electricity  and  Magnetism.  Three 
hours  per  week,  twenty-six  weeks.  To  count  as  a  four-fifths  course. 
Must  be  preceded  by  subjects  B  3  (Electrical  Measurements)  and 
N  1  (Electrical  Engineering).  This  course  is  intended  to  teach  the 
principles  which  lie  at  the  bottom  of  the  science  of  Electricity,  and 
which  must  be  thoroughly  mastered  by  the  student  if  he  is  to  obtain 
other  than  a  superficial  knowledge  of  the  subject.  It  is  to  be  taken 
in  connection  with  subject  N  3  (Electrical  Engineering). 

N  3. — Electrical  Engineering. 

PROFESSOR  KID  WELL. 

Practical  application  of  principles  laid  down  in  the  preceding 
course,  covering  the  dynamo,  for  direct  and  alternating  currents; 
motors,  and  their  adoption  to  various  duties  and  conditions;  static 
and  motor  transformers;  electric  meters;  switchboard  work;  trans- 
mission of  electrical  energy.  Slingo  and  Brooker's  Electrical  Engi- 
neering, Nipher's  Electricity  and  Magnetism,  and  Snell's  Electric 
Motive  Power.  Twice  a  week,  twenty-six  weeks.  To  count  as  one- 
half  a  course.  To  be  preceded  by  subjects  B  1  (Electrical  Measure- 
ments) and  accompanied  with  subject  N  2  (Electricity  and  Magnet- 
ism). 

N  4. — Electrical  Engineering — Laboratory  Practice. 

PROFESSOR  KIDWELL    AND  ASSISTANTS. 

Practical  work  in  the  Electrical  Engineering  laboratory.  Testing 
of  dynamos,  motors,  transformers,  meters,  etc.  Photometric  tests  of 
arc  and  incandescent  lamps.  Testing  of  electrical  engineering  appa- 
ratus and  materials.  Forty-five  hours  a  week,  or  five  hours  lecture 
work,  thirty  hours  laboratory  a  week,  eleven  weeks.  To  count  as 
two  full  courses.  To  be  preceded  by  subjects  N  2  (Electricity  and 
Magnetism)  and  N  3  (Electrical  Engineering).  (Subject  N  4  will  not 
be  given  In  1807-48). 

Equ4pn%*nt.— In  the  new  engineering  building  now  erected  an 
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Electrical  Laboratory  has  been  provided  for,  and  it  will  be 
thoroughly  equipped  with  the  machinery  and  apparatus  necessary 
to  give  the  student  a  practical  knowledge  of  the  principles  taught 
in  the  class  room.  The  equipment  will  include  incandescent 
dynamos,  both  direct  and  alternating  current,  and  an  arc  light 
machine,  with  complete  switch  boards,  current,  and  pressure  indica- 
tors, regulators,  transformers,  etc. 

The  dynamos  will  be  driven  by  a  separate  Buckeye  8x12  automatic 
engine. 

At  present  writing,  this  equipment  has  not  been  completed.  The 
Buckeye  engine,  and  line  shafting,  etc.,  for  the  dynamo  room,  are 
in  place.  There  are  on  hand  one  No.  4  Edison  dynamo,  with  all 
switchboard  instruments,  a  5  H.  P.  Excelsior  constant  current  motor, 
one  2  H.  P.  Sprague  motor,  one  T.  H.  recording  meter,  several 
Ayrton  and  Perry  ammeters  and  voltmeters,  German  silver  and  iron 
wire  resistance  frames,  etc.  During  the  past  year  the  laboratory 
has  through  the  liberality  of  Hon.  J,  M.  Longyear  of  Marquette,  been 
further  provided  with  one  200  light  National  compound  wound 
dynamo;  one  28  H.  P.  Van  Duzen  gas  engine,  and  a  battery  of 
fifty-six  Bradbury-Stone  storage  cells,  together  with  all  switchboard 
instruments  necessary  for  operating  them.  The  remainder  of  the 
equipment  will  be  provided  as  soon  as  an  appropriation  therefor  has 
been  made  by  the  legislature.  Until  this  equipment  is  provided, 
subject  N  4  (Electrical  Engineering— Laboratory  Practice)  will  not 
be  given, 

Q.  CIVIL  ENGINEERING. 

PROFESSOR  SPERR  AND  MR.   HOULE. 

Q  1. — Surveying,  Theory  and  Practice. 

PROFESSOR  SPERR  AND  MR.  HOULE. 

Summer  term,  forty-five  hours  a  week  for  eleven  weeks.  To 
count  for  two  full  courses. 

During  eleven  weeks  of  each  summer  term  a  course  of  surveying 
is  conducted.    The  object  of  this  course  is  two-fold: 

First,  to  give  the  regular  students  more  thorough  and  extended 
practice  in  the  field  than  it  is  possible  to  do  when  they  are  attending 
to  other  school  work.  Second,  to  provide  a  thorough,  practical 
course  in  Surveying  for  persons,  other  than  regular  students,  who 
may  be  desirous  of  becoming  surveyors,  or  who  may  wish  to  obtain 
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practical  experience  in  the  subject.  There  is  perhaps  no  course  of 
study  which  can  be  offered  by  an  institution,  that  will  give  such 
quick  and  profitable  returns  for  the  money  and  time  expended  by  the 
student,  as  a  thorough,  practical  course  in  Surveying,  since  employ- 
ment at  a  fair  salary  can  almost  always  be  obtained  by  a  competent 
surveyor. 

Study  and  practical  work  are  combined  in  this  course. 

Johnson's  Theory  and  Practice  in  Surveying,  edition  of  1895,  and 
dearie's  Field  Engineering  are  used  as  text-books. 

One  or  more  hours  of  each  working  day  will  be  taken  for  lecture 
and  recitation  work,  while  the  remainder  of  the  time  will  be  given  to 
field  practice.  The  course  treats  for  the  most  part  of  the  adjustment 
of  instruments  and  practice  in  typical  kinds  of  surveying  work  ordi- 
narily required  to  be  done  by,  or  under  the  supervision  of,  a  civil  or 
mining  engineer. 

The  vicinity  of  the  school  affords  opportunity  for  laying  out  this 
work  as  may  be  required  for  a  large  mining  enterprise.  A  certain 
mining  location  is  taken  as  a  base  for  operations,  and  the  work  is 
laid  out  as  follows: 

1.  A  preliminary  topographical  map  is  made  by  means  of  pacing 
and  the  hand  level. 

2.  A  survey  is  made  of  the  location  with  chain  and  sight  poles. 

3.  The  farms  are  surveyed  with  solar  compass  and  chain. 

4.  A  meridian  line  is  established  by  observations  on  Polaris. 

5.  A  town  site  is  laid  out  with  transit  and  steel  tape. 

6.  An  azimuth  traverse  is  run  around  an  adjoining  piece  of  land 
with  transit  and  stadia. 

7.  Lines  of  leveling  are  run  from  Portage  Lake  to  establish  perma- 
nent bench-marks  upon  the  location. 

8.  An  adjoining  section  of  land  is  retraced  and  sub-divided  accord- 
ing to  United  States  Land  Office  regulations. 

9.  The  mines  are  considered  as  claims  under  the  United  States 
laws  governing  mineral  lands,  and  surveys  for  patents  are  made 
according  to  government  regulations. 

10.  A  base  line  is  measured  for  a  system  of  triangulation  connect, 
ing  points  on  the  opposite  shores  of  Portage  Lake. 

11.  Signals  are  erected  and  the  angles  of  the  triangulation  system 
are  measured  with  the  transit, 
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12.  A  topographical  surrey  is  made  of  the  included  area  with  the 
transit  and  stadia. 

18.  A  topographical  surrey  of  a  certain  area  is  made  with  the  plane 
table. 

14.  A  line  of  railroad  two  or  three  miles  in  length,  is  surveyed 
from  the  mines  to  some  point  on  the  Lake.  This  survey  includes 
(1)  a  preliminary  survey  with  compass,  chain,  hand  level  and  Y 
level;  (2)  permanent  location  with  transit,  steel  tape  and  Y  level;  (3) 
establishment  of  grade  line  on  profile  sheet;  (4)  cross-section  leveling; 
(5)  computations  of  excavations  and  embankments  from  cross-section 
sheets;  (6)  location  of  bridge  abutments  and  piers;  (7)  laying  in  frogs 
and  switches. 

The  class  is  divided  into  squads,  each  kind  of  work  being  divided 
and  apportioned  to  the  different  squads.  Each  member  of  a  squad 
is  required  to  make  a  full  set  of  notes  of  the  work  done,  and  to  carry 
out  the  computations.  From  these  notes  maps  are  made  in  the 
second  course  in  Topographical  Drawing  (L  3).  Facilities  are  given, 
however,  to  students  who  wish  to  do  mapping  work  during  the 
summer,  if  they  are  prepared  to  do  so  and  can  find  the  time. 

The  equipment  for  instruction  comprises  the  following  set  of 
instruments:  One  plane  table  from  Buff  and  Berger;  nine  transits, — 
three  from  Buff  and  Berger,  three  from  Heller  and  Brightly,  two 
from  Fauth,  one  from  Gurley;  five  Burt  solar  compasses;  five  mag- 
netic compasses;  six  Wye  levels,  one  from  Buff  and  Berger,  three 
from  Heller  and  Brightly,  and  two  from  Gurley;  fifteen  Locke  hand 
levels.  In  addition  to  these  more  expensive  instruments,  the  school 
owns  the  necessary  number  of  chains,  steel  tapes,  poles,  rods,  etc. 

Persons  who  wish  to  attend  this  summer  course  only,  are  required 
to  prepare  themselves  upon  the  subjects  of  Plane  Trigonometry. 
Logarithms,  and  Mensuration.  They  are  to  provide  themselves 
with  the  text-books  used,  a  25  ft.  steel  pocket  tape  graduated  to  feet 
and  tenths,  and  5}  inch  dividers,  brass  protractors,  right  line  pen, 
decimal  scale,  T  square,  8-inch  triangle,  thumb  tacks,  India  ink,  red 
ink,  pencils  and  erasers,  and  drawing  board,  such  as  are  required  in 
Topographical  Drawing. 

The  furnishing  of  the  Surveying  apparatus  by  the  Mining  School 
is  a  heavy  expense  to  the  institution,  and  while  losses  due  to  ordinary 
and  legitimate  wear  and  tear  of  the  instruments  are  borne  by  the 
school,  any  injuries  due  to  carelessness  on  the  part  of  the  student 
must  be  made  good  by  him. 
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The  Summer  course  in  Surveying  will  commence  each  year  about 
the  first  of  June,  and  all  persons  who  desire  to  attend  are  requested 
to  send  in  their  names  early  to  Professor  Sperr  or  to  the  Director  of 
the  Mining  School,  in  order  that  proper  provision  may  be  made  for 
them.  This  course,  like  all  others  in  the  school,  is  free  to  anyone 
who  is  properly  qualified,  whether  a  resident  of  the  State  of  Michi- 
gan or  not.    The  course  is  given  in  Houghton. 

Regular  students,  in  order  to  take  this  course,  musf  ham  pawd 
in  subjects  A  S  (Spherical  Trigonometry)  and  L  2  (Topographical 
Drawing), 

Q  2. — Hydraulics. 

PROFESSOR  SPERR. 

Merriman's  Treatise  on  Hydraulics  is  used  as  a  text-book  and 
the  subject  is  studied  with  special  reference  to  its  applications  in 
mining,  milling  and  metallurgical  operations. 

The  subjects  required  to  precede  this  are  A  5  (Calculus )t  B  1  (Phys- 
ics), C  1  (Analytic  Mechanics),  and  R  1  (Principles  of  Mioitig),  and 
preceded  by,  or  accompanied  with,  subject  C  2 (Analytic  Mechanics). 

For  further  work  in  the  department  of  Civil  Engineering,  see 

L  2.  Topographical  Drawing. 

L3.  Topographical  Drawing  (Mapping). 

L4.  Graphical  Statics. 

L  5.  Engineering  Design  and  Construction. 

R.    MINING    ENGINEERING, 

PROFESSOR  SPBBR  AND  MR.   HOULE. 

R  1. — Principles  of  Mining. 

PROFES80R  SPERR. 

This  course  is  designed  to  cover  the  elementary  principles  of  mill- 
ing under  the  following  general  topics: 

(1)  Fluid  Mining:    Oil.    Gas.    Salt. 

(2)  Gravel  Mining  (Placer):  River  Mining.  Drift  Mining.  Hy- 
draulic Mining.     "  Dry  Washing."    Beach  Mining. 

(3)  Ore  Mining. 

(4)  Coal  Mining. 

(5)  Rock  Mining  (Quarrying). 

This  year  Ore  and  Stone  Mining  by  C.   LeNeve  Foster,   is  u&ed 
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as  a  text-book.  On  Wednesdays  trips  are  made  into  the  copper 
mines;  These  excursions  are  helpful  to  the  student  in  <m*KHng  him 
to  understand  the  nature  of  ore  deposits  and  to  comprehend  the  dis- 
cussion of  the  various  mining  operations  as  applied  to  different 
kinds  of  mining. 

This  subject  is  required  to  be  preceded  by  subject  T  1  (Principles 
of  Geology);  and  to  be  taken  by  all  candidates  f or  the  8.  B.  or  £.  M. 
degree. 

B  2. — Mine  Surveying  and  Mining. 

PROFV8SOR  8PERB  AND  MB.  HOULE. 

Two  hours  a  week  for  twenty  weeks.  To  count  for  two-fifths  of  a 
course. 

The  classroom  work  in  these  subjects  is  divided  into  two  parts: 
First:   Mine  Surveying.    Second:   Mining. 

First:   Surveying.    This  comprises  the 

(1)  The  adjustment  and  use  of  instruments  employed  in  Mine 
Surveying. 

(3)  The  methods  of  surveying  the  surface  location. 

(3)  The  connection  of  the  surface  survey  with  the  underground 

workings. 

(a)  By  adit  level. 

(b)  By  stope. 

(c)  By  vertical  shaft. 

(d)  By  inclined  shaft. 

(4)  Methods  employed  in  surveying  the  various  kinds  of  under- 

ground workings. 
Full  sets  of  notes  of  Mine  Surveys  are  given  to  the  students,  which 
are  employed  by  them  in  making  maps  as  they  would  do  in  actual 
practice. 
Second:   Mining. 
(1)  The  laying  out  of  different  kinds  of  mines  to  obtain 

(a)  The  maximum  output. 

(b)  The  greatest  economy. 

(c)  All  the  mineral. 

The  instruction  is  given  from  private  notes  and  from  references  to 
professional  papers  to  be  found  in  the  Mining  School  library.  To  be 
preceded  by  L  8  (Topographical  Drawing),  Q  1  (Surveying),  B  1 
(Principles  of  Mining)  and  Y  1  (Principles  of  Geology). 
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R  3. — Mine  Surveying  and  Minin§:    Practical  Work. 

PROFESSOR  SPRRR  AND  MB.  HOULR. 

Forty-five  hours  a  week  for  six  weeks.    To  count  as  a  fall  course. 

The  first  three  weeks  are  devoted  to  surveying  and  mapping  &  mine 
or  some  portion  thereof,  either  in  the  "Copper  Country"  or  in  wme 
one  of  the  iron  mining  districts  of  Northern  Michigan,  The  last 
three  weeks  are  devoted  to  the  examination  of  mining  methods  in 
the  iron  ore  mines.  Sketches  are  made  (a),  of  the  plans  of  the  mines 
to  show  methods  of  laying  out;  (b),  of  cross-sections  to  show  methods 
of  sloping;  (c),  of  timbers  to  show  methods  of  framing;  (d),  of  the 
timbers  set  up  in  drifts  and  s topee;  (e),  of  the  tramming,  hoisting 
and  general  handling  arrangements;  (f),  of  ore  achates,  ore  pockets, 
eta 

This  work  must  be  preceded  by  subject  B  2  (Theoretical  Mine  Sur- 
veying and  Mining)  except  for  students  who  enter  for  this  subject 
alone,  who  are  required  to  be  prepared  in  Algebra,  Trigonometry, 
and  in  the  use  of  the  transit  and  level. 

R  4. — Mining  Engineering. 

PROFESSOR  SPBRR. 

The  instruction  covers  the  theoretical  study  of  laying  out. 
designing,  and  equipping  surface  and  underground  works,  employed 
in  placer  mining,  and  in  gold,  silver,  copper,  lead,  zinc,  tin,  coal, 
iron  and  diamond  mines. 

Three  times  a  week,  twenty  weeks.  To  count  as  three-fifths 
of  a  course,  to  be  preceded  by  subjects,  C  2  (Analytic  Mechanics),  M 
8  (Mechanism)  and  Q  2  (Hydraulics).  (Subject  R  4  will  not  be  given 
in  1896-1807.) 

R  5. — Mine  Management  and  Accounts. 

PROFESSOR  SPERR. 

This  course  is  designed  for  the  study  of  the  relations  of  employer 
and  employe;  the  nature  of  contracts,  leases,  etc.;  the  questions 
relating  to  contract  work,  work  on  company  account,  and  tribute 
work. 

The  student,  having  an  elementary  training  in  book- keeping,  is 
required  to  make  out  pay  rolls  and  other  auxiliary  book*  especially 
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adapted  to  mining  operations;  make  oat  cost  sheets  and  reports  to 
offieiak  and  stockholders. 

This  subject  is  to  be  preceded  by  subjects  B 1  (Principles  of  Mining), 
and  B  3  (Mine  Surveying  and  Mining). 

K  6.— Mechanical  Ventilation  of  Mines. 


This  subject  is  given  to  afford  an  opportunity  for  the  discussion  of 
Mechanical  Ventilators  to  those  who  may  wish  to  acquire  a  working 
knowledge  of  the  subject  and  who  are  prepared  to  understand  the 
theoretical  principles  involved.  The  general  principles  of  Ventila- 
tion are  given  in  courses  B  1  (Principles  of  Mining),  B  2  (Mine  Sur- 
veying and  Mining),  and  R  4  (Mining  Engineering)  and  these  sub- 
jects, with  M  5  (Mechanical  Engineering)  and  Q  2  (Hydraulics),  are 
required  to  precede  subject  B  u> 

(This  subject  will  not  be  given  in  1896-1897). 

8.    OBE  DRESSING. 

PBOFK8BOB  SPKBR  AND  MB.  BUBRALL. 

S  1. — Ore  Dressing — Theory  and  Practice. 

PBOFE8BOR  SPKBB  AND  MB.  BUBBALL. 

Forty-five  hours  a  week,  five  weeks.  Summer  term.  To  count  for 
a  full  course. 

Most  of  the  time  is  given  to  practical  work  in  the  stamp  mill, 
taking  a  certain  time  each  day  for  instruction  in  the  theoretical 
principles  involved  in  the  operations. 

The  students  do  all  the  work  in  the  mill,  and  each  student  is  given 
an  opportunity  to  become  familiar  with  all  the  different  kinds  of 
work. 

The  students  are  required  to  take  samples  and  ascertain  by  fire 
assay  the  degree  of  efficiency  of  the  dressing  operations  which  they 
are  conducting. 

Each  student  is  required  to  spend  some  time  each  day  in  reading 
technical  literature  upon  the  subject,  which  is  to  be  found  in  the 
library  and  to  which  references  are  given. 

This  subject  is  to  be  preceded  by  6 1( Assaying),  M  2  (Shop  Practice), 
Q  2  (Hydraulics),  and  W  2  (Mineralogy). 
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-      V.  BIOLOGY. 

THE  DIRECTOR.  ASSISTANT  PROFESSOR  SEAMAN  AND  MR.  SUTTON. 

V  1. — Botany,  General  and  Economic. 

THE    DIRECTOR. 

First  eight  weeks  of  the  fall  term,  three  times  a  week.  To  count 
for  one-fifth  of  a  course. 

Instruction  in  this  subject  is  given  by  lectures  with  recitations 
upon  the  same.  It  is  intended  in  these  lectures  to  give  a  brief  review 
of  Botanical  Classification,  Fossil  Botany  and  the  special  characters 
of  plants,  important  economically,  and  their  various  uses.  The 
object  is  to  give  the  student  such  information  about  woods  and  other 
useful  plants,  and  fossils,  as  he  needs  for  subsequent  work  in  Engin- 
eering, Paleontology  and  Geology.  (This  subject  will  not  be  given 
in  the  year  1806-1897.) 

V  2. — Zoology  and  Paleontology. 

A88I8TANT  PROFESSOR  SEAMAN  AMD  MR.  SUTTON. 

Fall  term,  nine  hours  a  week,  fourteen  weeks.  To  count  for  two- 
fifths  of  a  course. 

An  elementary  course  is  given  in  these  subjects  in  order  that  the 
students  may  better  understand  their  later  work  in  Geology. 

As  these  subjects  have  been  united  in  one  course,  the  Zoology  will 
be  given  more  as  a  preface  to  the  Palaeontology,  than  as  a  full  descrip- 
tion of  the  various  forms  of  animal  life.  The  classes  of  animals 
whose  structure  is  such  that  they  are  seldom,  or  never  preserved  as 
fossils  will  be  mentioned  but  incidentally;  while  those  classes,  which, 
on  account  of  their  hard  parts,  yield  common  and  characteristic  fos- 
sils, will  be  described  more  in  detail.  In  the  Palaeontology,  will  be 
considered  the  various  means  by  which  organisms  are  preserved,  their 
manner  of  entombment,  their  habitat,  zonal  and  areal  distribution, 
etc. 

It  will  be  the  aim  of  this  course  to  train  the  student  to  close  and 
accurate  observation,  and  special  care  will  be  taken  to  point  out 
those  characters  by  which  fossils  may  be  recognized  and  determined. 
The  student  will  be  required  to  determine  about  one  hundred  genera 
which  have  been  specially  selected  to  cover  the  entire  geological 
column.  There  is  a  working  collection  of  nearly  three  thousand 
specimens.    These  will  be  used  to  drill  the  students  in  determining 
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fossils  in  various  states  of  preservation,  and  in  assigning  them  to 
their  proper  class,  order,  or  genera  according  to  the  perfection  of  the 
specimens.  The  specimens  are  arranged  unlabeled  in  drawers  and 
pains  will  be  taken  to  train  the  eye  to  recognise  resemblances  and 
differences.  Besides  the  working  collection  there  Is  a  small  type 
collection,  of  living  and  fossil  forms,  arranged  zoologically  in  accord- 
ance with  Nicholson's  New  Manual  of  Palaeontology,  and  a  larger 
one  of  fossils  containing  over  one  thousand  specimens  arranged  both 
zoologically,  and  according  to  geological  horizons. 

Wood's  Elementary  Palaeontology,  supplemented  with  lecture 
notes  will  be  used  as  a  laboratory  guide. 

W.  MINERALOGY. 
W  1. — Crystallography. 

ASSISTANT  PROFESSOR  SEAMAN  AND  MR.  SUTTON. 

Nine  hours  a  week  for  the  first  eight  weeks  of  the  Fall  term. 

To  count  for  one-fifth  of  a  course. 

The  instruction  is  given  by  means  of  lecture  notes  and  laboratory 
practice  in  determining  the  crystal  forms  on  wooden  models  and 
natural  crystals- 

As  the  student's  future  work  in  Mineralogy  largely  depends  upon 
his  knowledge  of  this  subject,  he  is  required  to  familiarize  himself 
with  the  principles  which  it  involves. 

The  law  of  symmetry  is  explained  somewhat  in  detail,  thus  enabl- 
ing the  student  to  comprehend  the  derivation  of  hemihedral  and 
tetartohedral  forms,  as  well  as  to  better  understand  those  forms  that 
aro  holohedral.  The  formation  of  crystal  aggregates  are  briefly  con* 
sidered,  and  the  more  common  laws  of  twinning  are  explained  and 
illustrated  with  models  and  natural  crystals. 

Cleavage  is  shown  to  conform  with  the  law  of  symmetry,  and  the 
student  is  drilled  in  determining  the  crystal  system,  and  symmetry 
of  cleavage  fragments. 

The  laboratory  is  provided  with  a  working  collection  of  two 
thousand  one  hundred  and  fifty  wooden  models,  and  two  thousand 
two  hundred  natural  crystals  representing  more  than  one  hundred 
different  mineral  species. 

Besides  the  above  there  are  one  hundred  and  fifty  glass  models  for 
illustrative  purposes. 
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W  l.-MINERALOGY. 

ASSISTANT  PBOFBS80R  SEAMAN  AND  MB.  SUTTON. 

Fall  and  winter  terms,  twelve  hours  a  week  for  twenty-eight 
weeks.  To  count  as  a  full  course.  The  work  in  Determinative 
Mineralogy  is  preceded  by  the  course  in  Crystallography  and  by  in- 
struction in  Physical  Mineralogy,  although  part  of  the  instruction  in 
these  subjects  is  given  as  needed  in  connection  with  the  Descriptive 
Mineralogy. 

For  Determinative  Mineralogy  there  is  provided  a  typical  set  of 
all  the  important  minerals,  special  attention  being  paid  to  those  of 
economic  value,  as  well  as  to  those  occurring  as  gangue,  or  rock- 
forming  minerals.  Special  collections  are  arranged  showing  the 
physical  characters  of  minerals,  their  pseudomorphs,  etc. 

These  minerals  are  in  drawers,  labeled,  and  are  at  all  times  freely 
accessible  to  the  student. 

Besides  the  typical  collection  of  minerals,  there  are  placed  in  other 
drawers  a  large  number  of  specimens  of  the  same-  mineral  species. 
These  are  arranged  in  convenient  groups,  but  are  unlabeled.  These 
specimens  are  selected  so  as  to  represent  as  great  a  variety  of  form, 
appearance  and  locality  as  possible,  in  order  that  the  student  may  be  , 
familiar  with  all  the  types  that  he  will  be  likely  to  meet  in  his 
professional  practice.  Numerous  drawers  of  these  unlabeled  min- 
erals are  assigned  to  each  student,  who  is  to  determine  them  and  to 
recite  upon  them,  not  in  a  class,  but  singly  with  the  instructor.  He 
is  required  to  do  that  which  the  practical  mineralogist  does;  to  deter- 
mine his  minerals  by  the  shortest  method  possible,  competent  with 
accuracy;  the  method  to  vary  according  to  the  specimen.  To  thia^ 
end  every  method  of  determination  short  of  quantitative  analysis 
is  employed;  that  is,  in  each  case  the  crystal  form  and  other 
physical  characters  are  used,  as  well  as  the  blow-pipe  and  wet  tests, 
so  far  as  they  may  be  needed. 

After  the  student  has  studied  and  recited  upon  the  specimens  con- 
tained in  a  sufficient  number  of  drawers  of  one  group,  he  is  assigned 
to  drawers  containing  the  unlabeled  minerals  of  another  group, 
which  have  mixed  with  them  specimens  of  the  preceding  group  or 
groups.  In  this  way  each  student  is  required  to  determine  in  his 
course  from  3,000  to  6,000  different  mineral  specimens,  belonging  to 
the  887  selected  species. 
The  instruction  is  based  on  the  sixth  edition  of  Professor  James  D. 
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Dana's  System  of  Mineralogy,  revised  by  Professor  Edward  S.  Dana, 
1892,  and  every  student  is  expected  to  provide  himself  with  a  copy. 
In  addition,  or  supplementary  to  this  work,  there  is  given  a  series 
of  lectures  and  notes  prepared  by  the  Director  for  use  in  his  classes 
in  1876,  and  revised  and  enlarged  from  time  to  time  since.  In  these 
notes  the  characteristic  features  of  each  mineral,  its  uses,  and  the 
practical  methods  employed  to  distinguish  each  one,  are  pointed 
out.  Especial  attention  is  given  to  the  methods  needed  in  the  field 
and  mine,  where  one  cannot  have  recourse  to  a  chemical  labora- 
tory. Every  effort  is  made  to  train  the  student  to  close,  accurate 
observation,- to  reason  correctly  upon  what  he  sees,  and  to  exercise 
good  judgment  in  his  decisions. 

The  result  of  this  work  is  such  that  a  student  not  only  knows  how 
to  proceed,  in  order  to  determine  any  mineral  that  he  may  meet, 
but  he  is  also  enabled  to  recognize  at  sight,  or  by  simple  tests,  the 
great  majority  of  specimens  belonging  to  the  two  hundred  .and 
eighty-seven  mineral  species  that  he  is  required  to  study  in  his 
course. 

During  the  summer  of  1892  the  entire  mineral  collection  was 
re-arranged  to  correspond  to  the  sixth  edition  of  Dana's  System 
of  Mineralogy,  with  the  exception  of  such  modifications  in  classifica- 
tion, as  the  Director  thought  would  enable  the  student  to  do  his 
determinative  work  in  an  easier  and  better  way.  (See  Tables  I V-X). 
For  purposes  of  instruction  in  this  subject  the  laboratory  is  sup- 
plied with  the  following  collections: 

Crystal  Models  in  Glass 151 

Crystal  Models  in  Wood  and  Plaster 2,153 

Natural  Crystals 2,260 

Collections  illustrating  Physical  Properties,  Pseudo- 

morphs,  Optical  Properties,  etc 485 

Lecture  Collection  of  Minerals '. 1 10,000 

First  Series 2,500 

Second  Series 2,100 

Third  Series 1,275 

Fourth  Series 8,225 

Fifth  Series 1,525 

SixthSeries. 1,850 

Seventh  Series 1,426 

Review  Series. 8,125 

17,025 

82,074 

In  Order  that  the  special  mineralogical  work  done  in  this  institu* 


Practice  Collection 
of  Minerals. 
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tion  may  be  better  understood  by  persons  seeking  information  upon 
this  point,  and  in  addition  to  serve  as  a  guide  to  the  pupil  in  refer- 
ring to  the  lecture  specimens,  the  appended  tables  IV-X.,  prepared 
by  the  Director,  with  the  aid  of  Professor  Seaman,  are  given  of  the 
species  to  be  studied  in  the  laboratory  work  in  this  course  as  well  as 
to  show  the  classification  followed.  The  system  of  numbering  for 
the  original  or  lecture  collection  numbers  is  to  increase  by  ten  each 
time,  in  order  to  allow  of  interpolations  of  new  specimens  without 
having  to  re-number  those  already  in  the  lecture  collection. 

The  tables  show  only  the  numbers  of  the  specimens  belonging  to 
the  species  upon  which  laboratory  work  is  given,  and  not  those  of 
the  other  species  represented  in  the  mineral  collections. 

This  subject  is  to  be  preceded  by  B  1  (Physics),  F  1  (General  Chem- 
istry), F  2  (Blowpipe  Analysis)  and  W  1  (Crystallography). 

X.    PETROGRAPHY. 

THE  DIRECTOR  AND  MR.  SUTTON. 

XI. — Petrography:  Lithology  and  Petrology. 

THE  DIRECTOR  AND  MR.  SUTTON. 

Fall  and  winter  terms,  twelve  hours  a  week  for  twenty-eight 
weeks.    To  count  for  a  full  course. 

In  this  subject  the  student  is  taught  to  use  the  microscope  as  a 
simple  instrument,  and  also  as  a  piece  of  optical  apparatus  for  the  de- 
termination of  minerals  and  rooks. 

The  work  is  divided  into  three  parts:  Microscopic  Mineralogy, 
Lithology,  and  Petrology. 

A.  Microscopic  ("Optical J  Mineralogy:  Under  this  head  is  treated 
the  various  optical  and  other  characters  of  minerals  as  revealed  by 
the  microscope.  Their  alterations  are  especially  studied  owing  to 
the  importance  of  these  in  the  subjects  of  Economic  Geology  and 
Lithology. 

The  lectures  given  by  the  Director  are  chiefly  devoted  to  the  de- 
scription and  use  of  the  microscope  as  a  simple  instrument  and  as  a 
piece  of  optical  apparatus  for  the  determination  of  minerals  and 
rooks.  This  part  of  the  work  will  comprise  its  use  in  common  and 
in  polarized  light,  both  as  a  microscope,  and  as  a  polariscope;  the 
chemical  properties  of  minerals  as  determined  under  the  microscope; 
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and  the  general  description  of  the  distinguishing  characters  of  the 
important  rook  forming  minerals. 

These  lectures  are  intended  to  give  a  dear  and  suitable  introduc- 
tion to  the  subject  of  Microscopic  and  Optical  Mineralogy,  that  shall 
be  adapted  to  the  needs  of  the  Geologist,  the  Civil  and  Mining 
Engineer,  Chemist,  Metallurgist,  Teacher,  Architect,  and  others  who 
may  need  a  good  working  or  practical  knowledge  of  the  subject. 

The  lectures  on  Optical  and  Microscopic  Mineralogy  in  general 
cover  the  following  ground: 

I.  Apparatus. 
(a)  Simple  Microscope  or  Lens. 

I  Base  or  Foot. 


(b)  Compound 


Arm. 

Bodj  J  Simple. 


J  Dry, 
•  ( Immersion, 


{ Binocular. 
Objectives. 

Society  Screw, 

Adaptor. 

Nose  Piece. 

Eve  Piece      ( Huygenian, 

"°-HS>Pic, 

Draw  Tube. 
Collar. 
Microscope..  •{  Coarse  Adjustment 
Fine  Adjustment 

Clips. 

Centering  Screws. 

Mirror  and  Bar. 

Sub-stage  and  Bar. 

Diaphragm. 

Optical  Axis. 

Use  of  Powers. 

Magnifying  Power. 

Size  of  Object 

Camera  Lucida  and  Drawing, 

Shade. 


"  Resolving  Power. 

Flatness  of  Field. 

Penetration. 

Working  Distance. 
„  Magnify'g  Power. . 


Flatness  of  Field. 
Size  of  Field. 
MagnifVg  Power. 
Cross  Hairs. 


(c)  Accessory 

Apparatus... 


Table. 

light 

Use  and  Care  of  the  Eyes. 

Slide. 

Cover  Glass. 

Iron  Plate  for  Grinding  Sections. 

Grinding  Machine. 

Cutting  Machine. 
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II.  Preparation  of  Materials. 


(a)  Preparation  of 
Section 


Breaking  off  the  Chip. 
Cutting  the  Section. 
Grinding  on  one  Side. 
Polishing  on  one  Side. 
Canada  or  Fir  Balaam. 
Cementing  Chip  to  Glass  Plate. 
Grinding  the  Second  Side. 
Polishing  the  Second  Side. 
Transference. 
Cover  Glass. 
Cleaning  Section. 
Labeling  Section. 
Thinness  of  Section. 


III.  Character  of  Minerals. 


(a)  Crystal  Form.. 


(b)  Crystalline 

Structure. 


Cleavage  Plates. 

Splinters. 

Powder. 

Section. 

Normal. 

Abnormal. 

)( Cumulites. 
Globulites.  -J  Margarites. 
(Longulites. 
Belonite. 
Trichites. 


Microliter 

Skeletons. 
Deformed  Crystals. 
Zonal  Forms. 

(c)  Mineral  Aggregates. 

(d)  Corrosion  of  Crystals. 

Gas  or  Vapor  Cavities. 

(Bubble. 
Water. 
Liquid  Carbonic  Acid. 
Saline,  etc 

Glass  Inclusions. 


(e)  Inclusions  in 

Minerals. 


Vacuum  Cavities. 
Fluid  Inclusions. 


(f)  Cleavage. 


«{  Bubbles. 

Stone  Inclusions. 
Included  Minerals. 
Arrangement  of  Inclusions. 
Determination  of  Inclusions. 

Octahedral. 

Cubic. 

Pyramidal. 

Prismatic. 

PinacoidaL 

Slipping  Planes. 

Pressure  Planes, 
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IV.  Light. 

( Rectilinear. 

(a)  Vibration <  Elliptical. 

(Circular. 

fGas. 

Single  Refraction,  -{ Isotropic,  \  5S£; 


Si 

e 


Double  Refraction,    •{  Anisotropic, 


I  Amorphous  Substances. 

I  Isometric  Minerals. 

Tetragonal,  )    Two 

Hexagonal,  )      Indices. 

Orthorhombic,  )  mK«^ 
M^n/^iin,-/»         t  Three 


Monoclinic, 
^Triclinic, 


Index  of  Refraction,  «{  Critical  Angle. 

{Comparative  Indices. 
Total  Reflectometer. 


f 


Indices. 


(c)  Unmodified  or  Common  Light,  j  N§3J[  Colore  of  **  Mmeral 

Comparison  of  Properties  of  Common  and  Po- 
larized Light. 

Reflecting  Plate  or 


(d)Polarized  Light, 


Means  of  Polarizing  Light, 


Surface. 
Bundle    of     Glass 

Plates. 
Tourmaline  Plate. 
.Nicol  Prism. 


Ordinary  and  Extraordinary  Rays. 
Plane  of  j  Longer  Nicol  j  Horizontal 


Polarization, 
Plane  of 

Vibration, 
Polarizer. 
Analyzer. 


Diagonal, 

Shorter  Nicol 

Diagonal, 


Cross  Hair. 
Vertical 
Cross  Hair. 


Optic  Axes, 


™— ■•  issss 

( Orthorhombic. 
Biaxial,      •  |  Monoclinic. 
I  Triclinic. 

_BtaecW«'|obS£. 
i  Sphere. 
Solids  of  Elasticity,  •  Spheroid. 
( Ellipsoid. 
Least 
Axes  of   Elasticity, -Mean. 

i  Greatest 


Uniaxial  Crystals, 
Biaxial  Crystals, 


Positive. 
'  Negative. 

Positive. 
*  Negative. 


■^«*>u^ 
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'Always  Dark, 


Extinction  Lines , 


!  Amorphous. 
Isometric. 


( Tetragonal. 
Always  Parallel,  -J  Hexagonal. 

( Orthorhombic. 

Usually  Oblique,  -{  Monoclinic. 

Always  Oblique,  -{  Triclinic. 


Determination  of 
Extinction  Lines 


Colore  and  Color  Scale. 


Crossed  Nicols  Alone. 
Caloite  Plate. 
Brezina  Plate. 
Quartz  Plate. 
Calderon  8  Plate. 
Bertrand  Ocular. 


( Mica  Plate. 


Determination  of  Axes  of  Elasticity,  -I  Gypsum  Plate. 

( Quartz  Wedge. 

Color  with  Polarizer  only  or  Pleo-  {  Trich?oic 

chroi8m'  (PleochroicHalos. 


(f)  Converging 
Polarized 
Light 


Observation  of 
Axial  Images, 


Uniaxial 
Images, 


Sections  Must  be  Cut  in  Special  directions. 
Converging  Lens. 

f  Ocular  Removed. 
Elevation  of  the  Eye. 
Lens  Above  the  Ocular. 
_  Bertrand  Lens. 
Cut  Perpen-  ( Crossed  Nicole 
dicular,      ( Parallel  Nicols. 
Cut  Oblique  )  Crossed  Nicols. 
or  Parallel  (  Parallel  Nicols. 
Circular  Polarization. 
Positive  or     ( Mica  Plate. 
Negative   <  Gypsum  Plate. 
Character  ( Quartz  Wedge. 
Cut  Perpen-  j  Crossed  Nicols. 
dicular,     .{ Parallel  Nicols. 
Cut  Oblique    (Crossed  Nicols. 
or  Parallel,  J  Parallel  Nicols. 

PodtiveorNega.]^^^ 
tiveCharacter,  \  gJSw^ 

Orthorhombic,     j  £  <  £ 

Ttr^n^_     )  Inclined  Dispersion. 
2S«i„  [  Horizontal  Dispersion. 
chmc'  J  Crossed  Dispersion. 
,  Triclinic. 
t  Imperfect  Axial  Images, 


Bixial 
Images. 
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V.  Table  fob  Determining  the  Crystal  System  of  Mineral 

PLA79B-  w  This  Sections  Between  Crossed  Nicols  in 
Parallel  and  in  Convergent  Polarized  Light. 

VI.  Mineral  Aggregates. 

(a)  ( Aggregate  Polarization. 

/k\  1  a*-„«*™-~  i  Concentric.  (Cross, 

(o)  ( Structure,  j  j^^     ^  Spberulite,  ]  Axiolites. 

( Granospherite. 

VII.  Specific  Gravity. 

(Sonstadt 
loh^bach. 
Brauns. 

Church. 

Harada. 

Thoulet. 

Brogger. 

Smeeth. 

Sollas. 

Wulfing. 

Evans. 

Westphal  Balance. 

Goldschmidt's  Scale. 

Hobbs'  Scale. 

The  Derby  Pan. 


(b)  Apparatus. 


(a)  Methods, <  §trengr8  Method. 


VIII,  Microchbmical  Analysis. 

( Borickv's  Method. 
'  Strong  s  Method. 
Behrens's  Method. 

(b)  Etching. 

(c)  Staining. 

(d)  Testing  for  Aluminium,  Calcium,  Carbon,  Chlorine,  Chromium, 

Cobalt,  Copper,  Gold,  Iron,  Lithium,  Magnesium,  Manganese, 
Nickel,  Potassium,  Phosphorus,  Silicon,  Silver,  Sodium,  Titan- 
ium, etc. 

IX.  Special  Microscopic  Characters  of  Rock  Forming  Miner- 
als. 

(a)  Native  Elements: 

Graphite,  Iron. 

(b)  Sulphides: 

Pvrrhotite,  Pyrite, 


*f?*s 
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(c)  Oxides: 

Fluorite,  Quartz,  Tridymite,  Corundum,  Hematite,  Ilmenitet 
Perofakite,  Spinel,  Magnetite,  Chromite,  Rutile,  Zircon,  Opal. 

(d)  Carbonates: 

Calcite,  Dolomite,  Magnesite,  Aragonite. 

(e)  Anhydrous  Silicates: 

Orthoclase,  Microcline,  Plagioclase,  Leuoite,  Enstatite  (Bas- 
tite),  Hypersthene,  Pyroxene,  Wollastonite  AnthophylJite, 
Amphibole,  Glaucophane,  Arfvedsonite,  Iolite,  Nephelitet 
Cancrinite,  Sodalite,'  Hatty  nite,  Noselite,  Garnet,  Chrysolite, 
Scapolite,  Melilite,  Vesuvianite,  Andalusite,  Sillimanite,  A  xi  n  - 
ite,  Tourmaline,  Staurolite,  Titanite. 

(f)  Hydrous  Silicates: 

Prehnite,  Analcite,  Natrolite,  Muscovite  (Serioite),  Paragouite, 
Lepidolite,  Zinnwaldite,  Biotite,  Phlogopite,  Lepidomel&ne, 
Chloritoid,  (Ottrelite,  Phyllite),  Chlorite,  Delessite,  Serpentine, 
Talc,  Kaolinite,  Glauconite. 

(g)  Phosphates: 

Monazite,  Apatite. 
(h)  Sulphates: 

Anhydrite,  Gypsum,  Alunite. 
(i)  Hydrocarbons: 

Carbonaceous  Matter. 

X.  Table  Showing  Obdeb  and  Methods  of  Wobk  Employed  in 
the  Study  op  Rocks  and  their  Thin  Sections. 

The  Director's  lectures  are  supplemented  by  a  special  card  catalogue 
which  directs  the  student  to  the  mineral  sections,  and  indicates  the 
plates  that  he  needs  to  study  in  order  to  familiarize  himself  with  the 
special  optical  and  microscopic  characters  of  minerals.  It  ffivee 
him,  in  a  sufficient  number  of  cases,  particular  directions  how  to 
proceed  in  his  optical  work  on  the  selected  sections,  and  informs 
him  what  results  he  may  expect  to  obtain.  A  card  catalogue  like 
this  saves  a  large  amount  of  the  time  both  of  student  and  teacher. 

Most  of  the  thin  sections  of  the  minerals  have  been  made  at  the 
Mining  School  from  the  specimens  in  the  Lecture  Collection  of  Min- 
erals* enabling  the  student  to  study  the  microscopic  and  optical 
properties  in  connection  with  the  cabinet  specimens  from  which  they 
were  taken. 

Besides  the  lectures  there  are  used  as  text-books  and  laboratory 
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manuals,  Roeenbusch's  Microscopical  Physiography  of  the  Rock- 
Making  Minerals,  translated    by   Joseph   P.    Iddings;   Levy   and     .] 
Lecroix's  Tableau  dee   Birefringences;   and  Behrens's  Manual  of      \ 
Microchemical  Analysis.  J. 

For  the  purpose  of   giving  the  above   elementary,  as  well  as      f 
the  subsequent  graduate,  instruction,  the  department  is  supplied, 
amongst  other  things,  with  the  following  apparatus: 

Twenty-nine  Bausch  and  Lomb's  petrographical  microscopes,  | 
made  expressly  for  the  Michigan  Mining  School;  with  micrometer  i 
eyepieces,  Bertrand's  lenses,  quartz  wedges,  undulation  plates,  h 
etc.  J 

Four  Beck's  petrographical  microscopes  with  accessories. 
One  Fuess's  largest  petrographical  microscope,  of  the  latest  pattern, 
with  all  the  accessories;  made  expressly  for  this  institution.  ( 

One  Naohet's  largest  petrographical  microscope,  with  all  the  | 
accessories.  1 

One  Dick's  petrographical  microscope,  with  Swift's  objectives  and 
other  accessories. 

One  projection  microscope. 

One  Nachet's  inverted  chemical  microscope. 

One  spectroscope.  | 

One  spectropolarizer.  \ 

One  Sorby's  apparatus  for  observing  the  four  images  given  by 
biaxial  bodies. 

Two  Calderon's  oculars. 

Three  Bertrand  oculars. 

One  spectroscope  ocular.  1 

One  goniometer  ocular.  < 

One  Babinet's  compensator  ocular.  , 

One  Michel-Levy's  comparateur. 

One  axial  angle  apparatus  for  measurements  in  oil. 

One  periscope  eyepiece. 

One  Filar  micrometer. 

One  cross-hair  micrometer. 

Three  micrometers. 

Four  camera  lucidas. 

Two  Abbe's  Camera  Lucidas. 

One   Bausch  and  Lomb's  one-inch  miorophotographic  objective. 

One  mica  plate — nose  piece. 

M&ny  extra  eye  pieces,  objectives,  etc, 
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One  condenser. 

One  condenser  with  iris  diaphragm. 

One  Jannettaz's  thermal  apparatus. 

One  Latter  man's  apparatus. 

One  Fuess's  polariscope  with  accessories. 

One  Groth's  universal  apparatus,  with  goniometer. 

One  Fuess's  application  goniometer  for  dull  crystal?. 

One  Fuess's  reflection  goniometer. 

One  Hirschwald's  microscope  goniometer. 

One  Linholf  s  reflection  goniometer. 

One  total  reflectometer  attachment. 

Fourteen  Miller's  goniometers. 

One  Stage  goniometer. 

One  Bertrand'8  micro-goniometer  with  special  stage. 

One  flask  for  measuring  index  of  fluids. 

One  pyroelectric  duster. 

One  Streng's  chest  and  apparatus,  for  microchemical  reactions, 
etc. 

About  two  thousand  mineral  sections  for  the  microscope. 

B—Lithology.  The  instruction  in  this  branch  of  Petrography 
comprises  both  the  macroscopic  and  the  microscopic  study  of  rocks. 
For  this  work  large  and  complete  collections  of  rock  specimens, 
with  numerous  thin  sections,  are  arranged  for  the  use  of  the  student. 
The  course  of  instruction  here  is  similar  to  that  followed  in  the  course 
in  Mineralogy.  Lectures  are  given  upon  the  specimens  of  the 
typical  collection,  the  method  of  classification  explained,  and  the 
distinguishing  characters  of  the  different  groups,  species,  and  vari- 
eties pointed  out.  Special  attention  is  called  to  the  variations  and 
alterations  in  rocks,  and  to  their  local  modifications  due  to  their 
special  mode  of  occurrence  in  the  field.  The  student  is  to  supply 
himself  with  the  Director's  mimeographed  Notes  on  Petrography. 

The  object  of  the  course  is  to  give  the  student  that  training  in  the 
practical  determination  of  rocks  that  will  enable  him  to  know  them 
in  the  field  and  mine,  as  well  as  to  observe  their  alterations  and 
modifications — subjects  that  have  a  very  important  bearing  upon  the 
vital  questions  relating  to  ore  deposits. 

After  the  study  of  a  sufficiently  large  number  of  types  has  been 
had,  the  student  has  assigned  to  him  a  large  number  of  drawers  con- 
taining unlabeled  specimens  of  these  rocks,  which  he  is  expected  to 
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determine  and  recite  upon,  as  he  has  done  in  his  study  of  minerals. 
The  course  is  thus  made  thorough  and  practical,  and  adapted  to  the 
needs  of  the  miner,  teacher  and  geologist,  giving  them  a  training 
which  they  can  make  use  of  in  their  future  work. 

The  student  is  drilled  at  the  same  time  upon  both  the  microscopic 
and  macroscopic  characters  of  the  rocks  he  is  studying,  as  the  thin 
sections  of  rocks  for  the  most  part  have  been  made  at  the  Mining 
School  from  the  hand  specimens  in  the  Lecture  Collection  of  Bocks. 
All  practical  students  of  Petrography  will  recognize  the  great  ad- 
vantage of  this  arrangement. 

The  subjoined  original  classification  of  rocks,  prepared  in  1878, 
and  subsequently  modified  by  the  Director  (Table  XI),  will  show 
the  scope  of  the  laboratory  work,  lectures,  and  the  arrangement  of 
the  Lecture  Collection  of  Rocks. 

C— Petrology:  Under  this  subdivision  of  Petrography,  the  various 
questions  relating  to  the  origin,  modes  of  occurrence,  relations  and 
alterations  of  rocks,  as  observed  in  the  field,  are  considered,  but 
since  the  chief  portion  of  the  students  electing  Petrography  also  elect 
Physical  and  Chemical  Geology,  the  majority  of  the  instruction  in 
Petrology  is  given  in  connection  with  that  subject. 

The  entire  subject  of  Petrography  is  to  be  taken  as  a  whole,  and 
the  student  is  required  to  have  passed  in  B  1  (Physics),  F  7  (General 
Chemistry),  and  W  2  (Mineralogy). 

In  the  above  course  in  Petrography  the  following  collections  are 
used: 

I.  Thin  Sections  op  Minerals  and  Rocks. 

Sections  of  Minerals 2,000 

Polariscope  Sections 182 

Sections  of  Lecture  Rock  Collection 2,895 

Sections  of  Michigan  Rocks 650 

Sections  of  Rosenbusch  Rock  Collection 729 

Miscellaneous  Sections 361 

Sections  of  Stratigraphical  Rock  Collection 206 

6,973 
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II.  Hand  Specimens  of  Rocks. 

Lecture  Collection  of  Rooks :!phi»o 

Practice  Collection  of  Rocks <S,5Q0 

Lecture  Collection  of  Michigan  Rocks 1175 

Practice  Collection  of  Michigan  Rocks 1 .  300 

Rosenbusch  Collection  of  Rocks 1,000 

Stratigraphical  Collection  of  Rocks 210 

13,485 

Y.     GEOLOGY. 

the  director,  assistant  professor  SEAMAN  AND  MR.  SrTTON. 

Y  1. — Principles  of  Geology. 

the  director. 

First  eight  weeks  of  the  fall  term:  five  times  a  week.  Ti>  count 
as  one-fifth  of  a  course. 

The  instruction  in  this  subject  is  intended  as  a  preparation  for  the 
study  of  the  Principles  of  Mining  and  the  subsequent  work  in  Miner- 
alogy, Petrography,  Geology  and  Mining  Engineering.  Previous 
work  in  Geology,  unless  taken  as  a  college  or  as  a  university  course  of 
a  satisfactory  nature  will  not  be  accepted  for  this  subject,  which  is 
required  of  all  candidates  for  the  S.  B.  or  E.  M.  degrees. 

The  subject  is  taught  by  lectures  supplemented  by  the  uw  of  Dr. 
A.  Geikie*s  Glass  Book  in  Geology.  This  is  used  in  order  to  B»Yfl  as 
much  of  the  time  of  the  student  in  taking  notes  as  practicable. 

The  design  of  the  course  is  to  give  a  clear  and  philosophical,  hut 
brief  and  rapid  view  of  the  principles  that  lie  at  the  basis  of 
geological  science.  The  outline  scheme  of  the  lectures  is  given 
below,  but  it  will  be  varied  from  time  to  time  as  circumstances 
indicate. 
Outline  Course  of  Lectures  on  the  Principles  of  Geology. 

A.  Geology. 

I.  Physical  Geology. 

II.  Chemical  Geology. 

III.  Stratigraphical  Geology. 

IV.  Economic  Geology. 
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Divisions  I.  and  II. — Principles  of  Physical  and  Chemical 

Geology. 


B.    Optics. 


I.    Light.. 


f  Prism. 

Spectroscope. 

f  Incandescent  Gasses. 
White  Hot  Liquids. 
,  Spectrum  . . .  <{  White  Hot  Solids. 

I  White  Hot  Substances  surrounded 
I     by  an  atmosphere. 


C.    Universe. 


( Luminous  Gas. 

I.    Nebulae <  Gases  under  pressure,  or  incandescent  Liquids 

(     or  Solids. 


Chromosphere..  ^  Prominences. 
Photosphere <{  Sun  Spots. 


II.  Sun -(Main  Body. 

Corona. 

light. 

Heat. 

Chemical  Elements. 

{Continuous. 
Irregular. 
Temporary. 
Periodic. 

III.  Stars i  Multiple..  <{  Double  Clusters. 

f  Hydrogen  (White  or  Blue  Stars). 
QnflA.     m  J  Metallic  (Sunlike  Stars), 
spectrum.  <  Carbon  ^  and  Variable  Stars). 

(  Banded  (Small  Bed  Stars). 
D.    Solar  System. 

r  Tnniter       \  Physical  Constitution  (Red  Spot). 
p  { Moons. 


I.    Exterior  Plan-    Satan..-. 

ets \  Uranus. 

I  Neptune. 
I  Asteroids. 


<  Rings. 
\  Moons. 


II.  Inner  Planets.  <  Venus. 


(  Mars'         \  Physical  Characters. 


\  Moons, 


( Mercury. 
*Moon |^?^bere- 
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IV.  Comets.. 


V.    Meteors. 


( Nucleus. 
.  i  Coma. 
( Tail. 

( Meteorites. 
"  {  Shooting  Stars. 


VI.  Cosmogony  ..  j  g^g*^'  <  Nebular  n^thesis< 

E.  Earth. 
I.  The  Earth's  For-  {  ?S^£^ 

-*» \SSSOSt 


II.  The  Earth's  In- 
terior   


Precession  and  Nutation. 

Tides. 

Heat  and  Pressure. 

Relation  of  Liquid  and  Hot  Solid  States  of 

Matter. 
Density. 
Geological  Evidences. 


III.    The 


BJK?.{°*to'1&-fc 


Through  Fissures. 

Over  the  Surface. 

Contact  with  Subterranean  Waters. 

Contact  with  Surface  Waters, 


o 

i 

< 

> 

q, 

2 

w 


Flowing  Lava. 


Quiet  Eruptions. 


Volcanoes. 


xploai ve  Eruptions. 
Eruptive  Energy  Diminishing* 
Forming  Dykes. 
Forming  Flows. 
Forming  Laccolites. 
Ik  Forming  Bosses  or  Masses. 

(  Origin. 
Cone.  -J  Form. 

( Structure, 

f  Steam,  ;  Water. 

Gases. 
Materials.  -{  Ashes,  -j  Mud. 

Stones. 
[  Lava. 

Mud  Volcanoes. 

Solfateras. 

Geysers. 


uevi 
Subi 


marine. 


Cause   of  Volcanic  Action. 


Davey. 
Bcrojw. 
Mallet 
Prestwicli. 
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F.  Earth  Movements. 

I.  Tremors  and  Pulsations. 

II.  Elevation  of  Surface. 


Animal  and  Plant  Remains. 
Sea  Worn  Caves. 
Raised  Beaches. 
Historical  Records. 
Cause  of  Upheaval. 


(Submerged  Forests. 
Fiords. 
Historical  Records. 
Cause  of  Subsidence. 


IV.  Earthquakes.. 


(Shock  or  Motion. 
Sea  Wave. 
Earth  Wave. 
Velocity  of  Wave  Motion. 
I  Depth  of  Source. 

Duration. 
t  Area  Affected. 

Fissures  or  Master  Joints. 
Cause  of  Earthquakes. 


G.  Earth  Alteration. 


f 


I.  Metamorphism 


Pressure. 

Dry  Heat.  {  H^ 

f  Causes..  1  Percolating  Waters...  ]  n^tl 
I  {  Chemical  Action.  < ooia- 


j  Local. 
[  Regional. 


H.  Principal  Minerals  Forming  Eruptive  Rocks. 

I.  Foreign  or  of  Prior  Origin  to  the  Rock. 

(a)  Native  Elements:    Iron. 

(b)  Oocides:    Quartz,  Magnetite. 

(c)  Anhydrous  Silicates:    Orthoclase,  Plagioclase,  Leucite,  Enstat- 

ite,  Amphibole  (Hornblende),  Hafiyenite,  Noeelite,  Chrysolite, 
(Olivine),  Biotite. 

II.  Indigenous  or  Original:  Crystallizing  out  of  the  Magma. 

(a)  Native  Elements:    Graphite,  Iron. 

(b)  Sulphides:    Pyrrhotite. 

(c)  Owides:    Quartz,  Hematite,  Spinel  (Picotite),  Magnetite,  Rutile, 

Zircon. 
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(d)  Anhydrous SUicates:  Orthoclase(Adularia,Sanidin),  Mil  hm dine, 

Plagioclase,  Leucite,  Enstatite  (Bronzite),  pyroxene  (Dialtage, 
Augite),  Amphibole  (Hornblende).  Iolite,  Nephelite,  Chrysolite 
(Olivine),  Titanite,  Biotite.  (In  this  case  the  Biot  if-  is  anhy- 
drous.) 

(e)  Phosphates:    Apatite. 

HI.  Secondary  Minerals  or  Alteration  Products. 

(a)  Sulphides:  Chalcopyrite,  Pyrite. 

(b)  Oxides:  Quartz  (Chalcedony,  Agate,  Jasper),  Hematite,  Marti  Un 

Magnetite,  Spinel,  Chromite,  Rutile,  Zircon.  Opal  (Hyalite), 
Limonite. 

(c)  Carbonates:  Calcite,  Dolomite,  Magnesite,  Siderite 

(d)  Anhydrous  Silicates:  Orthoclase  (Microcline),  PJa^ioelaee, 
(Labradorite),  Saussurite,  Enstatite  (Bronzite,  Baa  lite), 
Pyroxene,  (Salite,  Diallage).  Amphibole  (Tremolite,  Actinolite, 
Asbestus,  Smaragdite,  Uralite,  Hornblende),  Iolite,  Nephelite, 
(Elaeolite),  Cancrinite,  Sodalite,  Hauynite,  Noselite,  Eptdote, 
Tourmaline,  Titanite. 

(e)  Hydrous  Silicates:  Zeolites,  Prehnite,  Apophyllite,  Heiilaadite, 

Stilbite,  Laumontite,  Chabazite,  Analcite,  Datoliter  Natrulite. 
Thomson ite,  Pectolite,  Muscovite  (Sericite),  Biotite,  Chlorite, 
Delessite,  Serpentine  (Chrysotile),  Talc  (Steatite),  Pinite, 
Kaolinite. 

(f)  Phosphates:  Apatite. 

(g)  Sulphates:  Gypsum. 

I.  Principal  Eruptive  (Including  Meteoric)  Rocks. 

I.  Original  Forms: 

Siderolite,  Meteoric  Iron,  Pallasite,  Peridotite;  Basalt,  T&chylite, 
Nephelinite  or  Nephelite  Basalt,  Leucitite  or  Leucite  Basalt; 
Andestite,  Pyroxene  Andesite,  Amphibole  Andeaite;  Tra- 
chyte, Lassenite  (Pumice);  Rhyolite,  Obsidian  (Pumice,  Pitch- 
stone,  Pearlite,  Spherulite),  Liparite,  Granite;  Tufa, 

II.  Metamorphosed  Massive  Forms: 

Cumberlandite;  Serpentine,    Ophicalcite,    Dolomite;    SStrkeii&e, 
,    Melaphyr,    Diabase,     Gabbro,     Norite,     Diorite;    i'hotiolite, 

Propylite,  Minette,  Syenite;  Felsite,  Microgram te,   Granite; 

Porodite. 
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III.  Metamorphosed  Schistose  Forms: 

Serpentine,  Talc  Schist  (Steatite),  AmphihtJ*  Schist,  Eclogite, 
Epidosite,  Chlorite  Schist;  Argillite,  Grmralise,  Quartz 
Schist,  Mica  Schist,  Gneiss;  Jaspilite,  HaUeflinta;  Porodite. 

J.    DEJCUDATIOX  OB  DESTRUCTIVE  AOZKCIES. 

I.  Changes  of  Temperature. 

II.  Lightning.. h[  Fulgurites. 

,IL  Air |  Wind.Tempests. 

f Impact. 

1  Earth  Pillars. 


3 


Streams 


V  Lakes . 


f  Supply. 
'  Discharge. 

i  Flow 


Erosion . 


{  Upland. 
I  Valley. 
/Plain. 

f  Channel 

Pot  Hole©. 

Valleys. 

Gorges. 

Canons. 

Rapids, 
i  Falls. 


i  Transportation. 

'  Changes  of  Level. 
Waves. 

\  Beaches. 


Erosion. 


1  Cliffs. 


Transportation. 
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fSeas. 


s 

I 
e 


<g 


.  Ice- 


Origin. 

Ebb. 

Flood. 

Tides -j  Bore  or  Eagre 

Whirlpools. 

Erosion. 

Transportation. 


'  Breakers. 
QroondS  wall. 
Force. 
Height. 
Depth. 


Waves. 


Currents. 


f  Force, 

[  Hydraulic  Pressure. 

Erosion I  Loose  Detritus. 

Beaches. 
[  Cliffs. 

Transportation. 


( Erosion. 
"""  '(Transportation, 


__  Earthquake  Sea  Waves. 

f  Snow <{  Avalanche 

Hail. 

Neve  or  Firn. 


A 


'  Moraine . 


Glaciers.. 


i  Lateral. 
]  Medial 
f  Ground. 


Crevasses. 
Ice  Rapids. 
Ice  Falls. 
Valley  Glaciers, 
Mountain  Glaciers. 
Fragmental  Glaciers. 


Movement  ^ 


Icebergs. 
Erosion. 
L  Transportation, 


I  Sides. 

1  Center. 

I  Top. 
Bottom 


Shore  Ice. 

Ground  or  Anchor  Ice. 

Sheet  Ice  (Floe  Ice). 
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Interior 
Waters.. 


f  Capillarity  of  Rooks  and  Soils. 


I 


Saturation. 


\  Through  the  Rocks. 

f  Solution. 
I  Oxidation. 
Deoxidation. 


Chemical  Action *j  Hydration. 

Car  Donation. 
Weathering. 
Efflorescence. 


Mechanical  Action.. 


f  Contents  - 

I 


\  Erosion. 
"  ]  Transportation. 

Calcareous. 

Ferruginous    or    Chaly- 
beate. 
Salt 
Oil. 

f  Alkaline. 


Springs . 


Wells. 


State. 
(  Common. 

(  Artesian. 


Underground  Streams. 
Underground  Lakes. 
Channels. 
Caverns. 
Sink  Holes. 
{  Land  Slides. 


Medicinal- 


Sulphurous. 
Salt. 
Bitter. 
I  Earthy. 


(Cold. 

(  Hot,  Geysers. 
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a 


> 


Plants... 


Animal.. 


f  Algae, 
j  Lichens. 

Roots. 
I  Acids. 


Tunneling 
Animals.. 


Sponges. 

Echinoderms. 

Earthworms, 

f  <  *astrot  ;Ijmw&. 

Mo,lu8k8 Fholrtte. 

I  Teredo* 
Cray-fish. 
Insects. 
Rodentia. 
Insectivora 


[  Excavation. 

Dredging. 

{  Man I  Destruction  of  plants- 

j  Dams. 

Water  Courses . 
I  Destruction  of  Animals. 


K.     PRINCIPAL  MINERALS  FORMING  SEMUBNTAKY    KOCKK. 

(a)  Native  Elements:    Graphite. 

(b)  Sulphides:    Sphalerite  (Blende)    Pyrrhotite,  Cha  leu  py  rite,  Py- 

rite,  Arsenopyrite  (Mispickel). 

(c)  Chlorides-Oxides:     Halite,    Sylvite,    Quartz   (Smoky   QUAftS, 

Chalcedony,  Silicious  Sinter,  Flint,  Jasper},  Corundum 
(Emery),  Hematite  (Micaceous,  Red  Ochre),  Marti  te,  Ilmenite, 
Spinel,  Magnetite,  Rutile,  Zircon,  Opal,  Limonite,  (Yellow 
Ochre,  Umber,  Bog  Ore),  Bauxite,  Wa*l  (Bog  Manganese), 

(d)  Carbonates:    Calcite  (Limestone,  Marble,  Chalk,  Oolite,  Piso- 
lite, Stalactite,  Stalagmite),  Dolomite,  Magneeite,  Hiderite, 

(e)  Anhydrous  Silicates:    Orthoclase,  Plagioelase,  Sauasurite,  An- 

thopyllite,  Amphibole  (Tremolite,  Actinolite,  Asbeatus,  Horn* 
blende).  Glaucophane,  Iolite,  Garnet.  Andalusite  (Cltiastolite), 
Sillimanite  (Fibrolite),  Cyanite,  Epidote,  Tourmaline,  Stauro- 
lite,  Titanite. 

(f)  Hydrous  Silicates:  Muscovite  (Sericite ) ,  1  s U  >ti be ,  1  4 pid « I  m 1 e , 

Chloritoid,  Ottrelite,  Chlorite,  Serpentine,  Tali\  Finite,  KuoH- 
nite,  Glauconite. 

(g)  Phosphates:    Apatite  (Phosphorite,  Guano,  ek.v), 
(h)  Sulphates:    Barite,  Celestite,  Anhydrit    Gypsum. 

(i)  Hydrocarbons:    Asphaltum,    Anthracite    Ritumiiioiute,   Cau- 
nelite,  Lignite. 
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L.    Sedimentary  Rocks. 

I.  Unconsolidated  Forms, 

Laxite:  Mud,  Sand,  Gravel,  Shingle,  Marl,  Clay,  Loam,  Chalk, 
Inf usorialite  (Diatomaoeous  Earth),  Guano,  Turf,  Peat. 

II.  Consolidated  Forms. 

Shale,  Argillite,  Sandstone  (Graywacke),  Conglomerate,  Breccia, 
Marl,  Travertine,  Limestone,  Dolomite,  Tripolite,  Sinterite, 
Millite,  Guano,  Gypsum,  Anhydrite,  Asphaltum,  Lignite,  Can- 
nelite,  Bituminosite,  Coal. 

III.  Consolidated  Metamorphosed  Forms. 

Slate,  Porcelanite,  Andalusite  Schist,  Talo  Schist,  Chlorite 
Schist,  Amphibole  Schist,  Mica  Schist  (Sericite  Schist,  Graph- 
ite Schist),  Quartz  Schist,  Ferruginous  Schist,  Jaspilite,  Quarts- 
ite,  Conglomerate,  Breccia,  Gneiss,  Protogine,  Marble,  Ophi- 
calcite,  Anthracite. 


M.  Rock  Forming  Agencies  (Not  Eruptive). 


I.  Air. 


GO 


Streams. 


Lakes. 


Dust. 

Dust  Showers. 

Blood  Rain. 

Dunes. 

Loess. 

Talus. 

Beds. 

Banks. 

Flood  Plains. 

Bars. 

Deltas. 

fMud.... 

I  Clay.... 
'  Mechanical.  \  Sand. 

I  Gravel. 


Chemical. 


-Loess. 


t  Shingle. 

f  Iron  Ore. 

(Salts. 
.  <{  Gypsum. 

I  Marl. 
^Limestone. 


(Marl. 

Organic ■!  Diatomaoeous  Earth. 

(Peat. 
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fMud. 

"*»• ]ftti 

[Shingle. 


Mechanical.  , 


I 

I 
£ 


Seas. 


'  Gravel. 
Sand. 


Medial 


Mud 


j 


Blu 

Gre^n, 
,  CoraL 
[Volcanic. 


[Chemical- 


Snow -{  Avalanches. 


Clay  or  Ooa 

L  Abysmal —  «{  Red  and  Gray  Clays. 

Saline. 

Calcareous. 

Gypsiferous. 

Ferruginous. 

Maganiferous. 

Argillaceous. 


Ice. 


)( Surface  Moraines. 
Glaciers 1  Ground  Moraines. 
( Terminal  Morains. 
Icebergs. 
Floe  Ice. 


B 

f  Surface 

2 

Deposits.  « 

£ 

U 

o  « 

•ci 

5 

a 

¥-4 

h-i 

Interior 

hi 

fc   Deposits.  - 

Land  Slides. 
Efflorescence. 


f  Mechanical— Detritus. 


Springs. 


]  ( Calcareous. 

[  Chemical .  -J  Siliceous. 

( Ferruginous. 
Artesian  Wells. 


Dei 


Dei 


ts  in 

iks (  Decomposition. 

( Impregnations  or  Replacements, 
its  in 
vities —  i  Mechanical— Bed  Deposits. 
( Chemical — Segregations. 


N.  Plants. 


I.  Thallophyta. 


-< 


( Diatomaceao  (Diatom 

fAlga? <  ChloraphyceaD  (Green  Honweeils). 

I  (  Rhodophyew  (Red  Seawcwdii)> 


.Fungi 


-I 


Lichens. 
Mushrooms. 
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( Hepatic®  (Liverworts). 

II.  Bryophyta..  -J 

( Musci  (Mosses). 

( Filicinse  (Ferns). 

III.  Pteridophyta.  <  Equisetaciae  (Horsetails). 

( Lycopodinae  (Ciub  Mosses  or  Ground  Pines). 


IV.  Gjmnoepernue. 


V.  Angiospermae.. 


fCycadeaB  (Cyoads). 

|  f  Fir,  Spruce,  Hemlock, 

(.  Larch,  Cedar. 
Monocotyledons.  ~{  Grasses,  Palms. 


Dicotyledons. . 


f  Willow,  Oak, 
Chestnut,  Beech, 
Hickory,  Walnut, 
Elm,  Cherry, 
Maple,  etc. 


O.  Animals. 


I.  Infusoria -{ 


( Globigerina. 
( Foraminifera,  -J  Numulites. 
Rhizopoda..  <  ( Eozoon. 

r  Radiolaria. 


II.  Porifera i  Siliceous  Sponges. 

I  Calcareous  Sponges. 


III.  Coelenterata.. 


(  Millepora. 
Hydrozoa ..  •]  Graptolites. 

( Stromatopora. 


Coral. 

Fringing  Reefs. 
Barrier  Reefs. 
Atolls. 
Limestone. 


IV.  Echinodermata, 


c  Asteroidea -(  Star  Fishes. 

Ophiuroide <J  Brittle  Stars. 

Echindea <(  Sea  Urchins.  Echini. 

Holothuroidea..  •{  Sea  Cucumbers. 

Crinoidea -{  Stone  Lilies,  Crinoids. 

Cystoidea. 
Blastoidea. 
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V.  Vermes..-!  Annelida,  j  gggj^ 

VI.  — —^{gH&o*u 


J 

*©  J 


Lamellibranchiata . 


( Oyster,  Scallop. 
f  Asiphonida .  .  <  Mussel,  Lithodomun. 
j  ( Unio. 

f  Tridacna,  Cockle 
|  Clam,  Razor  Shell, 
Siphon ida  —  {  Gastrochaena, 
I  Saxicava,  Ph<  ! 
[Teredo. 

(  Cone  Shell,  Cowries,  Sea  Snails, 

Gastropoda <  Periwinkle,  River  Snails.  Limp 

(  Land  Snails,  Slugs,  Pond  Snails. 

Scaphopoda -(  Dentalium  (Tooth  Shell.) 


[Cephalopoda. 


i  Nautilus. 
Orthocerar 
Ammonites. 


t  Dibranchiata.. 


( Argonaut. 
.  <  Octopus. 
(  Squid,  Cuttle  Fialu 


f  Entomostraca 


f  Crustacea.. 


fCirripedia  .. 

-  <  Trilobita. 
I  Xiphosura. 
I  Eurypterida. 


j  Acorn  Shells 
(   or  BaroaHes* 


< 


C  Lobsters. 
[  Malacostraca .. .  •{  Decapod  a.. .  <  Cray  Fishes. 

(Crabs. 
Myriopoda.'J  Millepedes,  Centipedes. 

Archntda..^  Mites,  Ticks,  Scorpions,  Spiders. 

Neuroptera,  -{  Dragon  Fly,  May  Fly,  White  Ante. 

Orthoptera..  j  "SS^SE?*  OraB8hoPIWre. 

Hemiptera..  ^  Bed  Bug,  Louse,  Plant  Lo 
k  Insecta .. .  -j  Coleoptera..  {  Beetles. 

Dipteral  Flies. 

Lepidoptera.-{  Butterflies,  Moths. 

Hymenoptera. {  Bees,  Wasps,  Ants. 
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5 
g 

> 


Tunicata  <{  Ascidians. 

Aorania..  <{  Amphioxus  or  Lancelot. 


Pisces  or  Fishes. 


Marsipobranchii ..  |  ]£™pre 
Elasmobranchii...  |  ^^B' 

a— « issra.0*™"- 

( Salmon,  Herring, 

Teleostei <  Pike,  Perch,  Eel, 

( Cat  Fish,  Cod. 

( Ceratodus,  Pro- 

t  Dipnoi -J     topterus, 

( Lepidoeiren. 


Amphibia             J  Toads,    Frogs,  Salamanders,  Newts, 
Ophida -J  Snakes. 


Mad 


Keptilia.. 


Lacertilia  . 


Chelonia . 


Crocodilia.. 


( Lizards. 
.  <  Chameleon. 
( Iguana. 

(Turtles. 
'  ( Tortoises. 

i  Alligator. 
Crocodile. 
Gavial. 
Cayman. 


\ves. 


Ratitae j  <*SSJ£"ow"y- 

)  Ducks,  Gulls,  Divers,  Herons, 
Cranes,     Hens,     Turkeys, 
Hawks,   Eagles,  Owls, 
Doves,    Crows,    Swallows, 
Sparrows. 

'  Monotremata.  <{  Duckbill,  Echidna. 

{Kangaroo.  Opossum, 
Tasmanian  Wolf, 
Tasmanian  Devil. 


i?^«f„*„       S  Sloths,  Ant-eaters, 
I  Edentata .. .  j     p^,^  Armadillos. 


j.  g-JiSgh. 


i 

3 


T^fS 
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"S 

I 
s 

I 


M 


Mammalia. 


Rodentia 


-I 


Rate,  Squirrels,  Porcupine, 
Beaver,  Musk  rat.  Hares, 
Mice,  Prairie  Dog. 


Insectivora. -J  Shrews,  Molwi,  Hedgehog. 

Chiroptera..*(  Bats. 

r^fo^o  i  Whales,  Porpoises.  Dolphins, 

oecacea }     Narwhul*. 

Sirenia «{  Manatee*  Dtlgffllg. 

Probobciilia.-J  Elephai 

(Rhinoceros,   Hume,  Hog, 
Ungulate- ..  ■{     Sheep,  Ox,  Deer,  Tapir, 
(      Bison,   tJ.raJTe. 

f Seal,  Walrus,  Raccoon,  Bear, 
Otter, Skunk,  Weasel. Mink, 
Carnivora.- ^     Fox,    Waif,    I  log,    Lynx, 
|     Panther,  Leopard*  Tiger, 
t     Lion,  Cat. 

Prosimii -J  Lemurs. 

(  Monkeys,    An*'*,  (Qinbon, 

[Primates <     Orang  on  tang,  rhimp&n* 

(     zee,  GurilLa),  Man. 


P.  Rock  Structure. 


f  Lamina*. 


I.  Sedimentary  Rocks...  < 


Stratum .. 


Clasolite. 


Current  [Riding. 

Wind  I  >rift,  Structure* 

Wave  Marks. 

Ripple  Marks. 

Rill  Mr.  H 

Mud  Flows. 

Sun  ( tacks. 

Rain  Prints. 

Gas  Pipes. 

Thickness. 

Extent 

Overlai  i. 


10 
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Strike. 


II.  Sedimentary  and 
Eruptive  Rocks.  - 


I 


(  AnticluricaL 
I  Synclinal. 
I  MooclinaL 
{  Qiianiua-versal. 
|  Geocunical. 
Inversion. 


f  Outcrop 

I  Dip 

Uncomf ormability .    [  Crumpling. 

Concretions. -{  Geodes. 
Deformation. 
Crushing.  ■{  Shearing. 


Joints. 


( Contraction. 
\  Pressure. 


'™* {&£&. 


(Sharpe. 

J  Mechanical..  1  Sorbv. 
(Tyndall. 
Chemical. 


Foliation 


(  Mechanical. 
( Chemical. 


Q.  Mountain  Building. 

i    tt^k««„«i  J  Volcanic  or  Eruptive. 

I.   Upheaval J  Flexure. 


II.  Denudation. 


Division  III. — StratigrapMcal  Geology. 

U.  Geological  Formations. 

f  Lauren  tian.<J  Cascade. 

I.  Azoic  or  Archaean..  {  Hnnmiw  j  g^^C; 


l™^{882^ 
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II.  Palaeozoic  . 


III.  Mesozoic. 


i  Georgian. 

'  Cambrian <  Arcadian. 

( Potsdam. 


Lower  Silurian 


j  Canadian. 
I  Trenton. 


-4 


Upper  Silurian... 


(  Niagara. 
.  t  Onondaga. 
(  Lower  Helderhu  1 1:,. 

{Oriskany. 
Corniferous. 
Hamilton. 
Chemung. 


( Subcarboniferou 

k  Carboniferous -j  Carboniferous. 

( Permian. 


Devonian. 


Triassic. 


rVosgian. 
I  Franconian. 
|  Keuperian. 
L  Rhaetic. 


( Liassic. 

Jurassic ■!  Oolitic. 

(  Portlandian. 


Cretaceous 


i  Lower  Cretaceon- 
I  Upper  Cretaoeoii- 


(Eocene. 
ST 
Pliocene. 


V.  Anthozoicor 


Glacial. 


^^  or     )  Quarteniary 3  Champlain. 

Anthropozoic.  f^  ( Neitic  or  Receipt 

Division  IV. — Economic  Geology. 
S.  Uthjtes. 

I.  Definitions.     Ore,  Lode,  Country  Rock,  Socialite  (Associate    or 
Comrade),  Gangue  or  Veinstone. 

II.  Minerals  Most  Commonly  Occurring  as  Socialites  or  Associates. 

(a)  Sulphides:  Galenite,    Sphalerite,  Pyrite,    Pyrrhotit<%   Arsen- 
opyrite  (Mispickel). 

(b)  Fluorides  and  Oxides:   Fluorite,  Quartz  (Smoky),    Hematite 
(Specular),  Ilmenite,  Magnetite,  Rutile,  Opal,  Limonit* 
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(c)  Carbonates:  Calcite  (Dog  Tooth  Spar),  Dolomite,  Magnesite, 

Siderite,  Rhodochrosite,  Aragonite  (Floss-Fern),  Cerussite. 

(d)  Anhydrous  Silicates:  Orthoclase,  Plagioclase,  Saossurite. 
Wollastonite,  Pyroxene  (Coccolitej,  Amphibole  (Treroolite- 
Actinoiite,  Asbestos,  Hornblende),  Nephelite,  Garnet,  Wille- 
mite,  Scapolite,  Vesuvianite,  Epidote,  Tourmaline,  Titan  ite. 

(e)  Hydrous  Silicatts;  Prehnite,  Apophyllite,  Stilbite,  Laumontite, 

Chabazite,  Analcite,  Datolite,  Natrolite,  Thomsonite,  Pectolite, 
Muscovite,  Lepidolite,  Zinnwaldite,  Biotite,  Chlorite,  Serpen- 
tine, Talc,  Finite,  Kaolin  ite. 

(f )  Phosphates:  Apatite. 

(g)  Sulphates:  Barite,  Celeatite,  Anglesite,  Anhydrite,  Gypsum, 
(h)  Tungstates:  Wolframite. 

II.  Principal  Useful  Minerals. 

(a)  Native  Elements:  Diamond,  Graphite,  Sulphur,  Arsenic, 
Antimony,  Bismuth,  Gold,  Silver.  Copper,  Mercury,  Platinum. 

(b)  Sulphides:    Realgar,  Orpiraent,  Stibnite,  Molybdenite,  Argen- 

tite,  Galenite,  Chalcocite,  Sphalerite  (Blende),  Cinnabar,  Mil- 
led te.  Niccolite,  Pyrrhotite,  Bornite,  Chalcopyrite,  Stannite, 
Pyrite,  Smaltite,  Cobaltite,  Arsenopyrite  (Mispickel),  Bournon- 
ite,  Pyrargyrite,  Proustite,  Tetrahedrite,  Stephanite,  Bnargite. 

(c)  Chlorides— Fluorides:    Halite,  Sylvite,  Cerargyrite  (Horn  Sil- 

ver), Embolite,  Fluorite,  Cryolite,  Atacamite,  Carnallite. 

(d)  Oxides:,  Quartz  (Amethyst,  Tiger's  Eye,  Chalcedony,  Came- 
Han,  Plasma,  Blood  Stone,  Agate,  Moss  Agate,  Onyx,  Flint, 
Jasper,  Silicfied  Wood),  Senarmontite,  Cuprite,  Zincite,  Ten- 
orite  (Malconite),  Corundum  (Emery).  Hematite  (Specular, 
Columnar,  Micaceous,  Red  Ochre),  Martite,  Ilmenite,  Spinel, 
Magnetite,  Franklinite,  Chromite,  Chrysoberyl,  Cassiterite 
(Tin  Stone),  Rutile,  Zircon,  Pyrrhotite,  Opal,  Manganite,  Lim- 
monite  (Yellow  Ochre,  Umber,  Bog  Ore),  Bauxite,  Psilome- 
lane,  Wad. 

(e)  Carbonates:      Calcite  (Iceland  Spar,  Mexican  Onyx,   Chalk, 

Limestone,  Marble),  Dolomite,  Magnesite,  Siderite,  Rhodocros- 
ite,  Smithsonite,  Willemite,  Strontianite,  Cerussite,  Malachite, 
Azurite. 

(f)  AnJiydrous  Silicates:    Orthoclase  (Adularia),  Plagioclaae  (Sun- 

stone,  Moonstone,  Labradorite),  Rhodonite,  Amphibole  (As- 
bestus),  Beryl,  Iolite,  Garnet,  Chrysolite  (Olivine),  Willemite, 
Topaz,  Tourmaline. 
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(g)  Hydrous  Silicates:    Calamine,  Muscovite,  Serpeotine  (Chryso- 

tile),  Garnierite.  Talc,  Sepiolite,  Kaolinite,  Halloysite  (Fuller's 

Earth),  Chrysocolla,  Glauconite. 
(b)  Phosphates:  Apatite  (Phosphorite,  Guano,  etc.),  Pyromophite, 

Mimetite. 
(i)  Borates:  Boracite,  Borax, 
(j)  Uraninates:  Uranite. 
(k)  Sulphates:  Glauberite.  Barite,  Celestite,  Anglesite,  Anhydrite, 

Gypsum  (Selenite,  Satin  Spar,  Alabaster),  Aluminite,  Alunite, 
( 1 )  Tungstates:  Wolframite, 
(m)  Hydrocarbons:    Ozocerite,    Succinite    (Amber),    Petroleum, 

Asphaltum,   Albertite,   Uintahite,   Anthracite,     Bituminosite 

(Bituminous  Coal),  Cannelite  (Cannel  Coal),  Lignite  (Brown 

Coal,  Jet). 

III.  Origin  and  Mode*  of  Occurrence  of  Utilites,  or  Useful 
Geological  Products. 

1.  Eruptive  Depoe-  f  ^^L'e^^f1 1  ^"S^^ 

it* ^j  Deposits,    ( Ma88  Depoeite> 

[  Fragmental  Deposits,  {  Bed  Deposits. 

2.  Organic  Depos-  (  Vegetable  Deposits,  J  Bed  Deposits. 

its \  Animal  Deposits,  \  Bed  Deposits. 

3.  Mechanical  De-  <  VqC°^^^    j  Placer  or  Bed  Deposits. 

P08118 ( Consolidated  Deposits,  -{  Bed  Deposits. 

Sublimations,  or  Vapor  Deposits. 
Water  Deposits,  -{  Bed  Deposits. 
Decomposition  Deposits,  ^  Bed  Deposits. 

f  Eruptive  Rock      (  Carbona 
Impregnations,  j  Impregnations.     (  Deposits 
or  Replace- ^ 

m  e  n  t  D  e  -  |  Sedimentary  Rock  j  Bed 
posits,  I  Impregnations,       ( Deposits. 

f  Pocket  Deposits. 
I  Chamber  Deposits. 
Segregations  ,or  f 

Cavity  De-]  (  Gash  Veins 

posits,  j 


4.  Chemical  Depos- 
its   


Vein  De- 
posits, 


Segregated  Veins. 
Recticulated  Veins, 
or  Stockworks. 
Fissure,  or 
Fault  Veins. 


IV.  Use  of  Geological  Products— See  Table  XIII. 
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Y  2.  StratigraphicaV  Otology. 

ASSISTANT  PROFESSOR  SEAMAN  AND  MR.  SUTTON. 

Winter  term,  three  hours  a  week,  fourteen  weeks.  To  count  for 
two-fifths  of  a  course. 

The  instruction  in  this  subject  will  consist  of  recitations  and 
laboratory  work  and  will  be  given  following  V  %  (Zoology  and 
Palaeontology).  The  main  object  of  the  course  will  be  to  familiar- 
ize the  student  with  the  life  history  of  the  earth,  and  with  the  litho- 
logical  characters,  mode  of  formation,  order  of  superposition,  times 
of  upheaval,  and  distribution  in  time  and  space,  of  the  formations 
which  compose  the  earth's  crust. 

There  will  be  laboratory  drill  in  assigning  fossils  to  their  proper 
geological  horizon.  In  this  work  the  student  will  have  access  to 
I»a1aeontological  literature,  with  which  the  library  is  well  supplied. 
The  material  at  present  accessable  for  the  laboratory  work  consists 
of  a  palaeontological  collection  of  four  thousand  specimens,  three 
small  rock  collections,  one  European  and  two  American,  containing 
six  hundred  specimens  arranged  stratigraphically,  and  over  one 
thousand  specimens  of  sedimentary  rocks  belonging  to  the  iitho- 
logical  collection. 

In  addition  to  the  above,  some  time  will  be  given  to  surface  geol- 
ogy in  which  the  present  contours  of  the  earth's  surface  will  be  dis- 
cussed. 

The  text-book  used  is  Dana's  Manual  of  Geology,  4th  Edition. 

Y  3. — Physical  and  Chemical  Geology. 

THE    DIRECTOR. 

Winter  term,  three  hours  a  week,  fourteen  weeks. 

To  count  as  a  two-fifths  course. 

The  instruction  in  Physical  Geology  is  intended  to  be  especially 
adapted  to  the  needs  of  the  explorer,  the  teacher,  the  engineer,  the 
petrographer,  the  geologist,  the  miner,  the  quarry  man,- and  all 
others  who  desire  to  understand  the  connection  and  the  structural 
relations  that  rock  masses  have  to  one  another  and  to  the  valuable 
deposits  which  they  may  contain.  It  treats  of  the  origin  and  altera- 
tions of  rocks,  of  general  volcanic  and  earthquake  action,  metamor- 
phism,  jointing,  faulting,  cleavage,  mountain  building,  eruptive 
rocks  and  crystalline  schists;  the  action  of  air,  surface  and  under- 
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ground  waters,  and  life;  the  interior  condition  of  the  earth,  etc., 
especially  in  their  relations  to  the  problems  that  the  economic  geolo- 
gist, miner  and  quarryman  have  to  meet.  The  student  has  brought 
before  him  constantly  the  various  problems  that  arise  in  practical 
work  and  the  methods  of  their  solution. 

This  course  enlarges  and  completes  much  that  is  briefly  touched 
upon  in  the  Principles  of  Geology  and  in  Petrography. 

The  instruction  is  given  by  lectures  and  by  recitations  based  upon 
the  lectures  and  upon  Dr.  Archibald  Geikie's  Text  Book  of  Geology, 
third  edition,  1893,  books  I,  II  (part  I),  III,  IV  and  VII. 

Students  who  take  this  subject  must  have  completed  subjects  W  2 
(Mineralogy),  and  Y  2  (Stratigraphical  Geology),  and  must  either 
have  completed,  or  take  in  connection  with  this,  X  1  (Petrography). 

Y  4.     Geological  Field  Work. 

ASSISTANT  PROFESSOR  SEAMAN  AND  MR.   SUTTON. 

Forty-five  hours  a  week  for  the  last  six  weeks  of  the  Summer  term. 
To  count  as  a  full  course.  The  instruction  in  this  subject  begins 
early  in  July,  and  consists  of  six  weeks  practical  work  in  the  field, 
mostly  amongst  the  pre-Cambrian  rocks  of  the  Lake  Superior  region. 

The  first  two  weeks  of  the  course  are  spent  at  compass  work,  in 
which  the  student  is  trained  in  pacing,  and  in  the  use  of  the  dial  and 
dip  compass  and  aneroid  barometer.  This  work  consists  of  running 
section  lines,  meandering  woods,  roads  and  streams,  running  contour 
lines,  platting  outcrops,  in  fact  making  a  complete  map  of  the  trav- 
erses. Specimens  are  collected,  and  must  be  located  with  reference 
to  some  section,  corner  or  quarter  post  established  by  the  United 
States  linear  survey.  On  this  work  the  student  plats  all  of  his  work 
in  the  field,  keeping  his  latitude  and  departure  by  means  of  his  com- 
pass course  and  pacing. 

After  the  students  become  more  or  less  adept  at  platting  and  com  • 
pass  work,  they  are  given  special  small  areas  to  map  in  detail,  and  to 
work  out  the  relations  of  the  rocks.  They  make  sections  and  plaoB 
showing  these  relations,  and  are  required  to  write  descriptions  of  the 
specimens  collected,  and  to  explain  the  geological  phenomena 
observed. 

Considerable  time  is  spent  in  the  study  of  the  older  granites, 
gneisses,  «nd  hornblende  schists  with  their  varied  accompaniment  of 
basic  and  acid  intrusives  comprising  what  is  termed  the  Cascade  for- 
mation. 
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Next  in  order  are  studied  the  great  series  of  elastics  that  rest  non- 
conformably  upon  the  Cascade  formation.  These  elastics  are  found 
to  be  capable  of  division  into  a  lower  and  an  upper  series  termed  re- 
spectively the  Republic  and  Holyoke  formations  with  both  of  which 
are  associated  large  bodies  of  iron  ore.  These  ore  bodies  are  studied 
with  reference  to  their  origin,  and  maps  and  sections  are  made  show- 
ing their  mode  of  occurrence,  and  their  relations  to  the  associated 
•rocks. 

The  last  week  of  the  course  is  devoted  to  the  study  of  the  interbed- 
ded  sandstones  and  old  lava  flows  of  Keweenaw  Point.  These  rocks 
are  termed  the  Keweenawan  formation.  Lastly  a  day  or  two  is  spent 
along  the  contact  line  between  the  Keweenawan  rocks  and  the  East- 
ern sandstones,  in  studying  their  relative  stratigraphical  position. 

The  department  is  well  supplied  with  the  instruments  necessary 
for  this  work,  and  note  books  with  special  ruling  are  furnished  the 
Btudent  at  cost. 

All  students  entering  the  Mining  School  for  instruction  in  this  sub- 
ject (Y  4)  alone,  should  have  a  fair  knowledge  of  Mineralogy.  Lithol- 
ogy  and  General  Geology  if  they  wish  to  fully  profit  by  the  course. 

The  other  students  of  the  Mining  School  who  elect  this  subject  are 
required  to  have  passed  in  Q  1  (Surveying),  L  3  (Topographical  Draw- 
ing), W  2  (Mineralogy),  Y  2  (Stratigraphical  Geology),  and  Y  3  (Phys- 
ical Geology). 

Y  5. — Economic  Geology. 

THE    DIRECTOR. 

Three  times  a  week  for  twenty-eight  weeks,  during  the  fall  and 
winter  term.    To  count  for  four-fifths  of  a  course. 

In  this  subject,  the  instruction  will  take  up  the  geology  of  the  use- 
ful, or  economic,  mineral  products  considered  from  two  different 
points  of  view. 

1st.  Their  origin  and  modes  of  occurrence. 

2d.  Their  uses. 

The  general  ground  covered  by  the  lectures  is  shown  by  two  orig. 
inal  classifications — the  first  blocked  out  in  1882  and  subsequently 
modified,  and  the  second  prepared  in  1893.  The  first  classification 
relating  to  the  modes  of  occurrence  of  products,  treated  in  the  course 
of  Economic  Geology,  is  shown  in  Table  XII;  while  that  covered  by 
the  lectures  relating  to  the  uses  of  these  products  is  shown  in  a  gen- 
eral way  by  Table  XIII. 
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Special  attention  is  given  to  the  instruction  of  the  student  in  Min- 
eralogy, Petrography  and  Geology,  in  order  that  he  may  in  after 
years  understand  the  nature  of  the  deposits  upon  which  he  may  be 
at  work;  since  disastrous  mistakes  probably  occur  in  the  practice  of  a 
mining  engineer  oftener  through  ignorance  of  the  petrographical  and 
geological  relations  of  the  ore  deposits  in  question,  than  from  lack  of 
engineering  or  metallurgical  skill. 

The  location  of  the  school  affords  special  advantages  for  the  study 
of  Petrography  and  General  and  Economic  Geology.  It  is  situated 
in  the  midst  of  the  vast  and  ancient  lava  flows  and  conglomerates 
generally  known  as  the  Keweenaw  formation  and  the  Eastern  or 
Potsdam  Sandstone.  In  the  immediate  vicinity  are  to  be  solved 
some  of  the  most  important  and  fundamental  problems  of  petro- 
graphical and  geological  science,  e.  g  ,  the  metamorphism,  or  alter- 
ation of  rocks;  the  true  age  of  the  so-called  Keweenaw  series,  the 
origin  of  the  iron  ore,  etc.;  while  almost  every  problem  of  Geology 
finds  its  illustration  in  some  portion  of  the  Upper  Peninsula. 

The  student  of  geology  can  study  within  the  limits  of  the  Uppe- 
Peninsula  of  Michigan  the  following  stratigraphies!  formations,  com- 
mencing in  the  list  with  the  oldest. 

'  Laurentian .  <{  Cascade. 


Azoic  or  Archaean 
System 


Paleozoic  System . . .  * 


«■«**» -)S52k 

( Potsdam. 
Cambrian  -  ]( Ke weenawan). 

( CaJciferous. 

( Trenton. 

|  Hudson  River. 
Silurian <  Niagara. 

|  Onondaga. 

I  Lower  Helderberg. 
Devonian...  •{  Upper  Helderberg. 


*SSS8S-.  i  *— »-  ffisftt 


C Glacial. 

<  Champlu.... 

( Neitic  or  Recent. 


The  instruction  in  the  various  departments  under  the  immediate 
charge  of  the  Director  is  intended  to  be  given  so  that  all  those  who 
wish  to  obtain  a  knowledge  of  the  subjects  as  a  matter  of  general 
information,  or  to  prepare  themselves  to  be  teachers  or  investigators, 
can  attend  with  advantage.  All  those  who  expect  to  give  any  time 
to  mine  superintendence,  should  pay  special  attention  to  geology. 
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Subject  Y  5  (Economic  Geology)  is  open  only  to  those  who  have 
passed  in  R  1  (Principles  of  Mining),  X  1  (Petrography),  Y  3(Phy  ical 
Geology),  and  Y  4  (Geological  Field  Work). 

(Subject  Y  5  will  not  be  given  in  1896-97). 

J.    THESIS. 
THE   FACULTY. 

Properly  qualified  students  who  so  desire  may  include  in 
their  list  of  electives  a  thesis  which  shall  be  considered  equal 
in  value  to  a  full  course.  The  object  of  this  departure  from 
the  usual  custom  of  engineering  schools  is  to  save  the  time 
wasted  by  so  many  students  in  preparing  a  thesis  simply  to 
obtain  a  degree,  when  they  have  no  real  interest  in  the  sub- 
ject about  which  they  write,  nor  practical  knowledge  of  it 
Their  time  is  much  more  profitably  employed  when  spent  in 
systematic  study  under  regular  instruction. 

It  is  hoped  and  expected  that  by  making  the  thesis  elective,  more 
valuable  work  and  results,  which  shall  be  real  contributions  to  knowl- 
edge, can  be  obtained. 

J  1.— Thesis. 

The  time  supposed  to  be  given  to  this  work  is  nine  hours  a  week 
for  thirty -four  weeks,  and  the  thesis,  if  accepted,  is  to  count  as  a  full 
course.  The  subject  of  the  thesis  is  to  be  hauded  in  simultaneously 
with  the  other  electives.  The  work  is  to  be  done  under  the  direc- 
tion and  with  the  approval  of  some  instructor  or  instructors,  and  the 
subject  and  thesis  must  be  approved  by  the  Director. 

The  student  must  have  taken  all  the  necessary  preparatory  work 
that  is  required  to  enable  him  to  properly  handle  his  subject,  or  it 
will  not  be  approved  by  the  Director.  The  instructor  or  instructors 
under  whom  the  thesis  work  is  done  must  have  presented  to  the  Sec- 
retary a  written  statement  certifying  that  the  student  is  properly 
prepared  and  able  in  their  judgment  to  accomplish  the  work  speci- 
fied.   This  statement  is  to  accompany  the  elective  schedule. 

The  thesis  must  be  completed  by  July  1st  and  submitted  to  the 
Faculty  for  examination  and  acceptance,  but  in  no  case  will  the 
thesis  be  accepted  unless  the  instructor  or  instructors  under  whom 
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the  thesis  work  was  done  shall  have  attached  to  it  a  written  state  ^ 
ment  that  they  approve  the  thesis  and  recommend  it-  acceptance 
by  the  Faculty. 

PREPARATORY    SUBJECTS. 

Work  of  this  character  was  first  introduced  in  September, 
1895,  owing  to  circumstances  over  which  the  Mining  School 
had  no  control.  Since  then  those  circumstances  have  changed 
and  it  is  intended  to  drop  again  all  work  of  a  preparatory  naturu 
after  June,  1897.  No  general  preparatory  department 
has  been  added,  but  a  few  elective  studies  are  given,  to  be 
taken  by  persons  whose  training  is  defective  iu  certain  of 
the  required  preparatory  subjects. 

These  subjects  are  as  follows  : 

I.  Elementary  Algebra. 

MR.    FISHER. 

A  course  for  beginners,  covering  the  fundamental  opera tioiis, 
factoring,  fractions,  equations,  simple  and  quadratic  roots  and 
indices. 

Van  Velzer  and  Slichter's  School  Algebra  is  used  as  a  text-book. 

Three  times  a  week  for  thirty-four  weeks. 

II.    Geometry. 

MR.    FISHER. 

This  subject  includes  Plane,  Solid  and  Spherical  fWraetry,  and 
is  given  from  Van  Velzer  and  Schutz's  Suggestive  Geometry. 
Three  times  a  week  for  thirty-four  weeks. 

III.  Elementary  Physics. 

MR.  KNOX. 

A  course  for  beginners,  covering  the  beginnings  nf  HecH&mos, 
Sound,  Heat,  Light,  Magnetism,  and  Electricity.  Qualitative  experi- 
ments are  freely  used,  though  the  greater  part  of  the  la  I  oratory  work 
is  quantitative.  Hall  and  Bergen's  Text-Book  of  Physics  and  Carbart 
and  Chute's  Elements  of  Physics  are  the  text-books. 
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Three  times  a  week  thirty-four  weeks. 

Most  be  preceded  by,  or  accompanied  with,  subjects  I  (Elementary 
Algebra)  and  II  (Geometry). 

IV.  Bookkeeping. 

MR.   FISHER. 

This  is  a  general  course  covering  the  requirements  in  this  subject 
for  admission  to  the  Mining  School.  The  instruction  is  intended  to 
comprise  the  principles  of  single  and  double  entry,  business  forms, 
laws  of  contracts,  etc. 

The  Complete  Practical  Bookkeeping  has  been  used  as  a  text-book. 

Three  times  a  week  for  fourteen  weeks  during  the  fall  term. 

V.  Astronomy. 

MR.   FISHER. 

Three  times  a  week  for  twenty  weeks,  during  the  winter  term,  and 
the  first  six  weeks  of  the  summer  term. 

The  work  in  this  subject  comprised  the  elementary  principles  of 
Astronomy,  using  Young's  Lessons  in  Astronomy. 

Must  be  preceded  by,  or  accompanied  with,  subjects  I  (Elementary 
Algebra),  II  (Geometry),  and  III  (Elementary  Physics). 
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DEGREES. 

Three  degrees  are  offered  by  the  Mining  School  as  follows: 

Bachelor  of  Science,  S.  B. 

Mining  Engineer,  E.  M. 

Doctor  of  Philosophy,  Ph.  D. 

The  conditions  under  which  the  first  two  will  be  given  are 
as  folio ws: 

All  candidates  for  the  degree  of  S.  B.  are  required  to  pass  in 
eighteen  full  courses,  including  subjects  R  1  (Principles  of  Mining) 
and  Y  1  (Principles  of  Geology). 

All  candidates  for  the  degree  of  Mining  Engineer  are  required  to 
pass  in  twenty-two  full  courses,  including  subjects  R  1  (Principles  of 
Mining)  and  Y  1  (Principles  of  Geology). 

The  degree  of  Ph.  D.  will  be  given  under  the  following  conditions: 

Students  who  are  E.  M.  graduates  of  this  institution,  or  graduates 
of  other  institutions  of  similar  grade,  whose  course  shall  be  approved 
by  the  Faculty,  will  be  admitted  as  candidates  for  the  degree  of 
Doctor  of  Philosophy.  In  order  to  attain  this  degree  they  must  pur- 
sue, for  at  least  two  years,  advanced  studies  in  subjects  allied  to  the 
work  of  this  institution,  which  studies  are  to  be  approved  by  the 
Faculty. 

One  of  the  years  may,  in  special  cases,  be  spent  elsewhere,  and  the 
work  accepted,  on  sufficient  proof  of  its  thoroughness  and  high  char- 
acter, as  the  equivalent  of  one  year's  work  done  here.  But  under 
no  condition  will  this  degree,  or  any  other  degree,  be  given  unless 
at  least  one  year  of  thirty-four  weeks  of  actual  school  work  be  spent 
as  a  resident  student  at  this  institution. 

Students  who  are  E.  M.  graduates  of  this,  or  of  an  equivalent  pro- 
fessional school,  and  also  A.  B.  graduates  of  some  college  or  univer- 
sity whose  course  of  study  is  accepted  by  the  Faculty,  may  be  admit- 
ted to  the  degree  of  Doctor  of  Philosophy,  after  having  taken  for  at 
least  one  year  of  thirty-four  weeks,  an  approved  course  of  study  at 
this  institution. 
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The  degree  of  Doctor  of  Philosophy  will  be  given  only  in  case  the 
student  shall  have  shown  marked  ability  and  power  for  original 
investigation,  shall  have  passed  a  satisfactory  oral  public  examina- 
tion, and  presented  a  thesis,  which  shall  embody  the  result  of  origi- 
nal investigation,  and  receive  the  approval  of  the  Faculty. 

The  degree  of  Mining  Engineer  will  carry  with  it  also  the  degree 
of  Bachelor  of  Science,  if  the  candidate  for  the  degree  of  E.  M.  shall 
make  application  for  the  S.  B.  degree  and  pay  the  required  fee, 
which  until  after  August  1897  will  be  $5.00  for  each  degree  for  all 
students  who  entered  the  Mining  School  prior  to  commencement, 
1895,  and  who  graduate  before  September,  1897.  All  others  will  pay 
fees  according  to  the  following  list,  which  after  August,  1897,  will 
apply  to  every  candidate  for  a  degree. 

Bachelor  of  Science $15  00 

Mining  Engineer 25  00 

Doctor  of  Philosophy 50  00 

No  degree  will  be  conferred  until  the  required  fee  has  been  paid, 
which  payment  must  be  made  to  the  Treasurer  prior  to  August  first. 
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TEXT-BOOKS— 1895-1897. 

A. — Mathematics. 

A  1.  College  Algebra,  1891.    G.  A.  Wentworth. 

Ginn  &  Co.,  Boston. 
A  2  and  3.  Plane  and  Spherical  Trigonometry,  1893.   N.  H.  Wheeler, 

Ginn  &  Co.,  Boston. 
A  2  and  3.  Logarithmic  Tables.    Last  Edition.    G.  W.  Jones. 

G.  W.  Jones,  Ithaca,  New  York. 
A  4.  Analytic  Geometry.     Last  Edition.    G.  A.  Wentworth. 

Ginn  &  Co.,  Boston. 

A  5.  Element  of  the  Calculus.    Last  Edition.    J.  M.  Taylor. 

Ginn  &  Co.,  Boston. 

A  5.  Manuscript  Notes  on  Calculus.     1893.    F.  W.  McNair. 

A  6.  A  Treatise  on  Ordinary  and  Partial  Differential  Equations.     W . 
W.  Johnson.  John  Wiley  &  Sons,  New  York. 

B.  Physics. 

B  1.  Manuscript  Notes  in  Physics.    1894-1895.    F.  W.  McNair. 

B  1.  Laboratory  Course  in  Physics.    Last  Edition.    W.  C.  Sabine-. 

Ginn  &  Co.,  Boston. 

B  1.  Heat  and  Light.     1894.    R.  T.  Glazebrook. 

The  MacmiilanCo.,  New  York. 

B  1.  Mechanics  for  Beginners.     Last  Edition.    J.  B.  Lock. 

The  Macmillan  Co.,  New  York. 

B  1.  Electricity  and  Magnetism.    1895.    S.  P.  Thompson. 

The  Macmillan  Co.,  New  York. 

B  2  and  3.  A  Laboratory  Manual  of  Physics  and  Applied  Electricity. 
E.  L.  Nichols.  The  Macmillan  Co.,  New  Y.>rk\ 

B  2.  Lessons  on  Elementary  Practical  Physics.    Vols.  I  and  II.    Bal- 
four Stewart  and  W.  W.  Haldane  Gee. 

B  8   Electrical  Measurements,  H.S  CarhartandG.  W.  Patterson.  Jr. 

Allyn  &  Bacon,  Boston. 
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C.  Mechanics. 

C  1  sod  2.  Mechanic*  of  Engineering.    I.  P.  Church. 

John  Wiley  &  80011,  New  York. 

F.  (Jhemintry. 

F  1.  Manuscript  Notes  on  General  Chemistry.  1893.  George  A. 
Koenig. 

F  1.  Manuscript  Notes  on  Experimental  Chemistry.  1803.  George 
A.  Koenig. 

F  2.  Manual  of  Determinative  Mineralogy.  Thirteenth  Edition. 
George  J.  Brush.  John  Wiley  &  Sons,  New  York. 

F2.  Landauer's  Blowpipe  Analysis.  1892.  Translated  by  James 
Taylor.  The  Macmillan  Co.,  New  York. 

F  8.  A  System  of  Instruction  in  Qualitative  Analysis.  18M3.  A.  H. 
Elliott  A.H.  Elliott,  New  York. 

F  4.  A  System  of  Instruction  in  Quantitative  Chemical  Analysis.  C. 
R.  Freaenius.  Tenth  Edition.  Edited  by  O.  D.  Allen  and  a  W. 
Johnson.  John  Wiley  &  Sons,  New  York. 

F  4.  Manuscript  Notes  in  Quantitative  Analysis.  1895-1890.  G.  A. 
Koenig. 

0.  Metallurgy. 

G  1.  Manuscript  Notes  in  Assaying.     1895.    George  A.  Koenig. 

G  2.  Metallurgy  of  Lead.     1892.    H.  O.  Hofman. 

Scientific  Publishing  Co.,  New  York. 

G  2.  Modern  American  Methods  of  Copper  Smelting.  Seventh 
Edition.     1895.     E.  D.  Peters. 

Scientific  Publishing  Co.,  New  York. 

L.  Dratoing. 

L  1.  Copy  Book  of  Round  Writing  (School  Edition).    F.  Soennecken. 

Keuffel  &  Esser  Co.,  New  York. 
L  1.  Elements  of  Mechanical  Drawing.      Last  Edition.    G.  C.  An- 
thony. D.  C.  Heath  &  Co.,  Boston. 
L  1.  Machine  Drawing.     Last  Edition.     G.  C.  Anthony. 

D.  C.  Heath  &  Co.,  Boston. 
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L  4.  Trusses  and  Arches.    1890-1891.    Charles  E.  Greene. 

John  Wiley  &  Sona,  New  York. 

L5.  Printed  Notes  on  Cpnstructiou.    1892-1893.    Edgar  Kid  well . 

L  5.  Manuscript  Notes  on  Roof  Truss  Designing.    1893-1893,    Edgar 
Kidwell. 

L5.  Manuscript  Notes  on  Railway  Trestles.      1892-1893.      Edgar 
Kidwell. 

L6.  Manual  of  Machine  Drawing  and  Design.     1893.      D*  A.  Low 
and  A.  W.  Bevis.  Longmans,  Green  &  CoT1  New  York. 

L  6.  Elements  of  Machine  Design.    Last  Edition.    W.  Cawiborne 
Unwin.  Longmans,  Green  &  Co.,  New  York. 

M.  Mechanical  Engineering. 

M  1.    South  Kensington  Notes  on  Building  Construction.    Vol  III. 
1889.  Rivingtcns,  London. 

M  2.  Pattern  Maker's  Assistant.    Latest  Edition.    Joshua  Rose. 

D.  Van  Nostrand  Co.,  New  York. 

M  2.  Complete  Practical  Machinist.    Last  Edition.    Joshua  Hose. 

D.  Van  Nostrand  &  Co.,  New  York, 

M4.  Text  Book  on  the  Mechanics  of  Materials.    1895.    Fifth  Edition. 
Mansfield  Merriman.  John  Wiley  &  Sons,  New  York 

M  5.  Constructive  Steam  Engineering.     1890.    J.  M.  Whitbaro. 

John  Wiley  &  Sons,  New  York. 

M  5  and  9.  Pumping  Machinery.     1893.    W.  M.  Barr. 

.   J.  B.  Lippincott  Co.,  Philadelphia, 

M  7.  Valve  Gears  for  Steam  Engines.    1892.    C.  H.  Peabody. 

John  Wiley  &  Sonst  New  York. 

M  8  and  9.    Thermodynamics  of  the  Steam  Engine  and  Other  Heat 
Engines.    1889.    C.  H.  Peabody.    John  Wiley  &  Sons,  New  York. 

N".  Electrical  Engineering. 

N  1  and  3.  Incandescent  Wiring  Hand  Book.    Last  Edition,     F 
B.  Badt.  Electrician  Publishing  Co.,  Chicago. 

N    1    and   8.    Electrical    Engineering.    Last   Edition.    W.   SUngo 
and  A.  Brooker.  Longmans,  Green  &  Co,r  New  York* 

11 


162  Michigan  Mixlsfg  School. 

X  2  and  3.  Electricity  and  Magnetism-    19frx    Fnacs  E.  Nipber. 

J.  L  Roland  Book  Co..  St  Louis. 

N  3.  Electric  Motive  Power.    Albion  T.  SaeJL 

Electrician  Pubtishing  Ox,  London. 

Q.  Civil  Engineering. 

Q  1.  Theory  and  Practice  of  Surveying.     Last  Edition.    J.  B.  John- 
ion.  John  Wiley  &  Sons,  New  York. 

(4  1.  Field  Engineering.     Last  Edition.     William  H.  Searle. 

John  Wiley  A  Sons,  New  York. 

Ql  A  Treatise  on  Hydraulics.     Fourth  Edition.     Mansfield  Merri- 
man.  John  WOey  «fc  Sons,  New  York. 

R.  Mining  Enigneering. 

Bi,  A    Text-Book  of  Ore  and  Stone  Mining.      13*4.       C.  LeNeve 
Foster.  C.  Griffin  *  Co.,  London. 

R  2.  Manuscript  Notes  in  Mine  Surveying  and  Mining.     Revised 
1895.     F.  W.  Sperr. 

R  4.  Manuscript  Notes  of  Mining  Engineering.    Revised,  1894-1805. 
F.  W.  Sperr. 

R  5.  Manuscript  Notes  on  Mine  Management  and  Accounts.  Revised,. 
1895.     F.  W.  Sperr. 

R  5.  Engineering  Contracts  and  Specifications.     1895.    J.  B.  John- 
son. Engineering  News  Publishing  Co.,  New  York. 

S.     Ore  Dressing. 
S  1.  Manuscript  Notes  on  Ore  Dressing.     1893.     F.  W.  Sperr. 

V.     Biology. 

V  2.  Elements  of  Zoology.    Manuscript.     1889.     M.  E.  Wadsworth. 

V  2.  Orton's  Comparative  Zoology.     1894.    Charles  Wright  Dodge. 

Harper  &  Brothers,  New  York. 

V  2.  Elementary  Palae  rmtology.     181)3.   H.  Woods, 

The  Macmillan  Co.,  New  York. 

V  2.  Manuscript  notes  on  Pake  jntology.     1893.    A.  E.  Seaman. 
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W.     Mineralogy. 

W  1.  Manuscript  Note3  on  Crystallography.     1893     A.  E,  Seaman. 

W  2.  The  System  of  Mineralogy.     Sixth  Edition.     1891     James  D, 

Dana  and  E.  S.  Dana.  John  Wiley  &  Sons,  New  York* 

W  2.  Practical  Determination  of  Minerals— Manuscript,    1876-1892,. 


M.  E.  Wadsworth. 


X.     Petrography. 


X  1.  Introduction  to  Optical  and  Microscopic  Mineralogy— Mami- 

script.    1877-1893.     M.  E.  Wadsworth. 
XI.  Practical  Determination  of  Rock  Forming  Minerals.     Mann- 

script.   1877-1893.     M.  E.  Wadsworth. 
X 1.  Microscopical    Physiography  of    the  Rock    Making  Minerals. 

Third  edition.   1893.   H.  Ro3enbusch.  Translated  by  J.  P.  Iddings, 

John  Wiley  &  Sons,  New  York. 
X  1.  A  Manual  of  Microchemical  Analysis.     1894.     H.  Behrens, 

The  Macmillan  Co.,  New  York, 
X  1.  Tableau  des  Birefringences.     1888.    A.   Michel   Lsvy  and    A, 

Lacroix.  Baudry  et  Cie,  Paris, 

X  1.  Elements  of  Lithology— Manuscript.     1877-1398.    M.  E.  Wads- 
worth. 

Y. — Geology. 

Y  1.  Class  Book  of  Geology.    Second  Edition.     Archibald  Geikie, 

The  Macmillan  Co,,  New  York. 

Y  1.  Compend  of  Geology.    Last  Edition.    Joseph  LeGonte. 

D.  Apple  ton  &  Co. ,  New  York, 

Y  1  and  3.  Principles  of  Geology— Manuscript.     IS*')- 1805, 

Y  1  and  5.  Introduction  to  Economic  Geology— Manuscript,     1892. 
If.  E.  Wadsworth. 

Y  2.  Manual  of  Geology.     Fourth  Edition.     1895.     James  D.  Dana. 

John  Wiley  &  Sons,  New  York, 

Y  3.  Text-Book  of  Geology.    Third  Edition.    Archibald  Geikie. 

The  Macmillan  Co.,  New  York. 

Y  5.  Building  Stones— Manuscript.     1878.     M.  E.  Wadsworth, 
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PREPARATORY  STUDIES. 

I.  School  Algebra,  1804.    Van  Velzer  and  Slichter. 

Tracy,  Gibbs  &  Co.,  Madison,  Wis. 

II.  Plane  and  Solid  Geometry,  1895.    Van  Velzer  and  Schutz. 

Tracy,  Gibbs  &  Co.,  Madison,  Wis. 

III.  Principles  of  Physics,  1895.    A.  P.  Gage. 

Ginn  &  Co.,  Boston. 

IV.  Complete  Practical  Book-Keeping. 

The  Practical  Text  Book  Co.,  Cleveland. 

V.  Lessons  in  Astronomy,  1895.    C.  A  Young. 

Ginn  &  Co.,  Boston. 
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ADVISORY  ELECTIVE  SCHEDULES. 

In  electing  his  coarse  of  study  the  student  is  at  liberty  to 
select  any  subjects  he  desires,  provided  that  his  choice  does 
not  conflict  with  the  natural  sequence  of  studies,  i.  e* ,  he  is  not 
to  take  any  study  until  he  has  properly  prepared  himself  iu 
the  studies  that  lead  up  to  the  one  selected.  The  effort  to 
choose  his  studies  judiciously  and  in  order  is  a  laborious  one  for 
a  student  just  entering  upon  his  professional  preparation, 
therefore  a  series  of  advisory  schedules  has  been  made  as 
guides  to  students  in  making  their  selections. 

The  student  is  at  perfect  liberty  to  follow  any  other  of  the  numer- 
ous schedules  that  can  readily  be  laid  out,  and  each  mem  j  of  the 
Faculty  will  be  pleased  to  assist  anyone  who  wishes  aid  in  arranging 
his  scheme  of  studies. 

The  schedules  here  given  assign  to  one  year  more  work  than  can 
properly  be  accomplished  in  a  year's  time  by  any  but  the  best  and 
ablest  students,  and  all  are  advised  to  choose  fewer  rather  than  more 
studies  each  year. 

From  six  to  eight  full  courses  in  one  year  of  forty-five  weeks  are  all 
that  should  be  undertaken,  while  if  the  year  is  limited  to  thirty-four 
weeks,  from  four  to  seven  is  the  limit.  The  student  gains  for  more 
if  he  takes  only  what  he  can  do  expediently  and  thoroughly,  and 
as  a  rule  graduates  sooner,  than  if  he  selects  more  subjects  than  lie 
is  able  to  carry. 

The  fourth  year  given  is  a  graduate  year  in  every  case,  since  the 
student  can  obtain  his  degree  in  the  first  three  years,  if  he  is  able  to 
carry  seven  and  two-fifths  courses  each  year. 
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PRINCIPAL  OBJECT— CHEMISTRY  OR  GEOLOGY. 
First  Year— Seven  and  Four-fifths  Courses. 
A  1.  Algebra,  1.* 
A  2.  Plane  Trigonometry,  2-5. 
A  3.  Spherical  Trigonometry,  1-5. 
A  4.  Analytic  Geometry,  4-5. 
B  1.  Physics,  1. 
F  1.  General  Chemistry,  4-5. 
F  2.  Blowpipe  Analysis,  1-5. 
L  2.  Topographical  Drawing,  1-5. 
Q  1.  Surveying,  2. 
R  1.  Principles  of  Mining,  3-5. 

V  1.  Economic  Botany,  1-5. 
W  1.  Crystallography,  1-5. 

Y  1.  Principles  of  Geology,  1-5. 

Second  Year— Seven  and  Four-fifths  Courses. 

F  3.  Qualitative  Analysis,  4-5. 

L  1 .  Mechanical  Drawing,  1 . 

L  3.  Topographical  Drawing,  1-5. 

M  1.  Properties  of  Materials,  3-5. 

M  2.  Shop  Practice,  2. 

R  2.  Mine  Surveying  and  Mining,  2-5. 

R  3.  Mine  Surveying  and  Mining  (Practice),  1. 

V  2.  Zoology  and  Palaeontology,  2-5. 
W2.  Mineralogy,  1. 

Y  2.  Stratigraphical  Geology,  2-5. 

Third  Year— Seven  and  Four-fifths  Courses 

A  5.  Calculus,  1. 

B  2.  Physical  Measurements,  1-5. 

C  1.  Analytic  Mechanics,  2-5. 

F  4.  Quantitative  Analysis,  1. 

F  5.  Quantitative  Analysis,  1. 

G  1.  Assaying,  2-5. 

G  2.  Metallurgy,  1. 


*  The  numerals  given  after  the  name  of  the  subject  indicate  the  value  of  It 
in  courses  or  parts  of  a  course. 
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11 5.  Mine  Management  and  Accounts,  2-5. 

X  1.  Petrography,  1. 

Y3.  Physical  Geology,  2-5/ 

Y  4.  Geological  Field  Work,  1. 

Fourth  Year— Seven  and  Four-fifths  Cour*™ 

B  3.  Electrical  Measurements,  1. 

C  2.  Analytic  Mechanics,  2-5. 

F  6.  Synthetic  Chemistry,  2. 

G  3.  Metallurgical  Experimentation,  1. 

M  3.  Mechanism,  2-5. 

<J  2.  Hydraulics,  3-5. 

R  3.  Mining  Engineering,  3  5. 

S  1.  Ore  Dressing,  1. 

Y  5.  Economic  Geology,  4-5. 

PRINCIPAL  OBJECT— METALLURGY 
First  Year—Seven  and  Four-fifths  Courses 

A  1.  Algebra,  1. 

A  2.  Plane  Trigonometry,  2-5. 

A  3.  Spherical  Trigonometry,  1-5. 

A  4.  Analytic  Geometry,  4-5. 

B  1.  Physics,  1. 

F  1.  General  Chemistry,  4-5. 

F  2.  Blowpipe  Analysis,  1-5. 

L  2.  Topographical  Drawing,  1-5. 

<J  1.  Surveying,  2. 

R  1.  Principles  of  Mining,  3-5. 

Y  1.  Economic  Botany,  1-5. 
W  1.  Crystallography,  1-5. 

Y  1.  Principles  of  Geology,  1-5. 

Second  Year— Seven  and  Four-fifths  Courts. 

A  5.  Calculus,  1. 

C  1.  Analytic  Mechanics,  2-5. 

F  3.  Qualitative  Analysis,  4-5. 

L  1.  Mechanical  Drawing,  1. 

L  3.  Topographical  Drawing,  1-5. 

M  1.  Properties  of  Materials,  3-5. 
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M  2.  Shop  Practice,  2. 

R  2.  Mine  Surveying  and  Mining,  2-5. 

R  3.  Mine  Surveying  and  Mining  (Practice),  1. 

Y  2.  Zoology  and  Palaeontology,  2-5. 

Third  Year — Eight  Courses, 

C  2.  Analytic  Mechanics,  2-5. 

F  4.  Quantitative  Analysis,  1. 

F  5.  Quantitative  Analysis,  1. 

G  1.  Assaying,  2-5. 

G  2.  Metallurgy,  1. 

L  4.  Graphical  Statics,  2-5. 

M  3.  Mechanism,  2-5. 

M  4.  Mechanics  of  Materials,  1. 

M  5.  Mechanical  Engineering,  1. 

W  2.  Mineralogy,  1. 

Y  2.  Stratigraphicai  Geology,  2-5. 

Fourth  Year— Eight  Courses. 

F  6.  Synthetic  Chemistry,  2. 

G  3.  Metallurgical  Experimentation,  1. 

G  4.  Metallurgy  and  Designing,  1. 

Q  2.  Hydraulics,  3-5. 

S  1.  Ore  Dressing,  1. 

X  1.  Petrography,  1. 

Y  3.  Physical  Geology,  2-5. 

Y  4.  Geological  Field  Work,  1. 

PRINCIPAL  OBJECT-MECHANICAL  ENGINEERING. 
First  Year— Seven  and  Four-fifths  Courses. 

A  1.  Algebra,  1. 

A  2.  PJane  Trigonometry,  2-5. 

A  3.  Spherical  Trigonometry,  1-5. 

A  4.  Analytic  Geometry,  4-5. 

B  1.  Physics,  1. 

F  1.  General  Chemistry,  4-5. 

F  2.  Blowpipe  Analysis,  1-5. 

L  2.  Topographical  Drawing,  1-5. 


Q  1.  Surveying,  2L 

Rl.  Principle  of  Mming.  Ml 

V  1.  Eooaortiic  Botany.  1-4. 
W  1.  Crystallography,  1-5l 
Yl.  PrinctiOes  of  Geology,  1-5l 

Secomd  Year—Seven  amd  F<y*r~J 

A  5.  Calculus,  1. 

C  1.  Analytic  Mechanic*,  4-5. 

F3.  Qualitative  Analysts,  4-5. 

L  1.  Mechanical  Drawing,  L. 

L  3.  Topographical  Drawing.  1-5. 

M  1.  Properties  of  Materials,  3-5. 

M  2.  Shop  Practice,  2. 

R  2.  Mine  Surveying  and  Mining,  2-5l 

R  3.  Mine  Surveying  and  Mining  t  Practices  U 

V  2.  Zoology  and  Palaeontology,  2-5. 

Third  Year— Eight  Court?*. 

B  3.  Electrical  Measuremente,  1. 

C  2.  Analytic  Mechanics,  2-5. 

G  2.  Metallurgy,  1. 

L  4.  Graphical  Statics,  2-5. 

M  3.  Mechanism,  2-5. 

M  4.  Mechanics  of  Materials,  1. 

M  5.  Mechanical  Engineering,  1. 

M  6.  Testing  Materials  of  Engineering,  1 . 

N  1.  Electrical  Engineering,  4-5. 

W  2.  Mineralogy,  1. 

Fourth  Year—Eight  Cbtira?i 

F  4.  Quantitative  Analysis,  1. 

G  1.  Assaying,  2-5. 

L  6.  Machine  Design,  t. 

M  7.  Valve  Gears,  *. 

M  8.  Thermodynamics,  i. 

M  9.  Mechanical  Laboratory,  2. 

N  2.  Electricity  and  Magnetism,  \. 

N  8.  Electrical  Engineering,  *. 

Q  2.  Hydraulics,  3-5. 


«, 
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Y  2.  Stortijgnpiwal  Geology  £-& 

PRIXCIPAL  OBJECT— ELECTRICAL  ENGfXEEItING 

Al.  Afeebn,  L 

At  Plane TrigoootMCnr,  e-i 

AS.  Spherical Trigm«necnr,  1-5. 

A  4.  Analytic  Geometrr,  4  5 

B  L  PfcTsks.  L 

F  L  Geoeiml  ObeuaHy.  4-i. 

F  t  Btowpipe  Asahrs&  1-S. 

L  i  TopogtmpkicaJ  Delving .  :-'• 

Y  L  Svrmac,  i 

EL  Priaciptoc  of  Mxusg.  $-a 

Y  L  EocmomJc  Bccuit.  ]^ 
W  L  CrrBtolk^rapkj,  I-S. 

Y  1.  Priacifief  of  Gsotagr.  3-S 

5«V'»*i  Temr — Sevak  »»i  F,\»*y-tfr'kf  Ct*ir**i*. 

A  Tl  Ctlrclns.  1 

C  I    AMthrtir  Mf*rbaiua&.  i-fv. 

F  £   VBi^tatrT*  Ajnaayss,  4-?». 

L  I.  X-erihfcT.iral  I>r*wTit£.  I 

L  ?:    T  z$*&xmz  fasti  I>r*wixx   Z-t 

X  I.  Pr^tenies  nf  Xssenak.  &-;.. 

If  1   Si»?f  Ptucaoe  i. 

i  i   ViPfr  Ssrw-ni£  and  1C.t..h£  i-?* 

E  5*.   y.Tw  S«Brrexin£  an-  X  .T.-.-Rg  Praecipe-.  1 

Y  i   Z. » 'j.'fx  mad  I\iw**  c:  n  ict   f-£ 

C  i.   Asfcly-ar  IfeoLLT  irs>  i-r. 

X  !    Xt^&tzjfcr    ML 

X  I    X-*-&i*x.]:s   .5  X&rarjk.*  : 

X  ?.  Xf«,-e»aijr4.  F;i»£-.iw*..i£;   i 
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M  6.  Testing  Materials  of  Engineering,  1. 
N  1.  Electrical  Engineering,  4-5. 
W  2.  Mineralogy,  1. 

Fourth  Year— Eight  Courses. 

F  4.  Quantitative  Analysis,  1. 

6  1.  Assaying,  2-5. 

L  6.  Machine  Design,  1. 

M  7.  Valve  Gears,  f 

M  8.  Thermodynamics,  |. 

N  2.  Electricity  and  Magnetism,  |. 

N  3.  Electrical  Engineering,  £. 

N  4.  Electrical  Engineering  Laboratory,  2. 

Q  2.  Hydraulics,  8-5. 

R  4.  Mining  Engineering,  3-5. 

Y  2.  Stratigraphical  Geology,  2-5. 

PRINCIPAL  OBJECT— CIVIL  OR  MINING  ENGINEERING. 
First  Year— Seven  and  Four-fifths  Courses, 

A  1.  Algebra,  1. 

A  2.  Plane  Trigonometry,  2-5. 

A  3.  Spherical  Trigonometry,  1-5. 

A  4.  Analytic  Geometry,  4-5. 

B  1.  Physics,  1. 

F  1.  General  Chemistry,  4-5. 

F  2.  Blowpipe  Analysis,  1-5. 

L  2.  Topographical  Drawing,  1-5. 

Q  1.  Surveying,  2. 

R  1.  Principles  of  Mining,  3-5. 

Y  1.  Economic  Botany,  1-5. 
W  1.  Crystallography,  1-5. 

Y  1.  Principles  of  Geology,  1  5. 

Second  Year—Seven  and  Four-fifths  Courses. 

A  5.  Calculus,  1. 

C  1.  Analytic  Mechanics,  2  5. 

F  3.  Qualitative  Analysis,  4-5. 

L  1.  Mechanical  Drawing,  1. 

L  3.  Topographical  Drawing,  1-5. 
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M  1.  Properties  of  Materials,  3-5. 

M  2.  Shop-Practice,  2. 

R  2.  Mine  Surveying  and  Mining,  2-5. 

R  3.  Mine  Surveying  and  Mining  (Practice),  1. 

Y  2.  Zoology  and  Palaeontology,  2-5. 

Third  Year—Seven  and  Four-fifths  Courses- 

C  2.  Analytic  Mechanics,  2-5. 

F  4.  Quantitative  Analysis,  1. 

L  4.  Graphical  Statics,  2-5. 

M  3.  Mechanism,  2-5. 

M  4.  Mechanics  of  Materials,  1. 

M  5.  Mechanical  Engineering,  1. 

M  6.  Testing  Materials  of  Engineering,  1. 

Q  2.  Hydraulics,  3-5. 

R  4.  Mining  Engineering,  3-5. 

W  2.  Mineralogy,  1. 

Y  2.  Stratigraphical  Oology.  2-5. 

Fourth  Year— Eight  and  One-fifth  Courses* 

B  3,  Electrical  Measurements,  1. 

G  I.  Assaying,  2-5, 

G  &  Metallurgy.  1. 

L  5,  Engineering  Design,  3-5. 

X  I,  Electrical  Engineering,  1. 

R  *\  Mine  Management  and  Accounts,  2-5. 

R6.  Mine  Ventilation,  3-5. 

8  1,  Ore  Dressing,  1, 

X  I.  IVtrography,  1. 

Y  8.  Physical  Geology,  *-Y 

Y  4.  Geological  rVW  Work.  l. 
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ENTRANCE    EXAMINATION    QUESTIONS. 


arithmetic. 

1.  Simplify  }  of  f  -*-  ^r  and  give  reasons  for  each  step  in  the  pro* 
ocas. 

3.  Extract  the  square  root  of  63.90684,  and  the  cube  root  of 
.00016876. 

4.  Multiply  thirty-seven  and  sixty-nine  hundred  thousand  tits  by 
thirty  hundredths  and  divide  by  thirteen  ten  thousandths.  Et plain 
the  use  of  the  decimal  point  in  this  case. 

.    5.  If  one  ton  of  ore  containing  \%  per  cent  coppnr  U  worth  13.30* 
what  is  the  price  of  copper  per  kilogram. 

6.  Find  the  present  worth  of  $600,  due  in  two  years,  the  rate  of 
interest  being  six  per  cent. 

7.  Four  men  can  do  a  piece  of  work  in  one  hour  which  two  women 
•can  do  in  three  hours  and  six  children  in  two  hours.  Haw  long 
would  one  man,  one  women,  and  one  child  take  to  do  the  work  t 
Give  a  full  solution. 

8.  A  bar  of  metal  6.3  meters  long,  4  c.  in.  wide  and  I  if  o  in, 
thick  is  cast  into  a  cube,  what  is  the  length  of  one  side  of  the  cube? 
What  would  be  the  diameter  if  cast  in  the  form  of  a  sphere  ? 

ALGEBRA. 

1.  (a)  Add  i(V*i  -  V~*  +  V  ""*)  and  f  (  **  +  yy  - 

(6)  From  o  +  6+  ^a~^b  take  b  +  a  —  (a  —  o)v  -*■    *  ^~u 

2.  Multiply  m4  -f  n*  +  o*  —  m*  w*  —  m'  o8  by  m*  +  h1  +  o*. 

(a)  Multiply  a4  +  a8  y  +  a'  y'  —  a  y*  +  y*  by  a*  4  £  a  u  ~  t* 
(o)  Divide  x  +  y  -h  s  —  3  Yil/1  by  a?K  +  y*  +  ;\ 
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3.  Factor  m*  —  n«,  x*  +  a  x  +  x  +  a,  .r2  -t-  12  x  —  28. 

4.  Simplify  t-^-T  al*>   fnl^  1     f*4^  '    «*   «" 
plain  steps  in  solution. 


5.  Solve  «*^_ -§- -  <2*  +  4) 


GEOMETRY,    PLANE. 

Demonstrate  the  following  propositions: 

1.  The  sum  of  the  angles  of  any  plane  triangle  is  equal  to  two 
right  angles. 

2.  If  two  parallel  lines  are  cut  by  a  transversal,  prove  that  the 
alternate  exterior  angles  are  equal. 

3.  If  a  line  parallel  to  the  base  of  a  triangle  bisects  one  side,  it 
bisects  the  other  side  also. 

4.  In  the  same  circle  or  equal  circled,  two  angles  at  the  center  have 
the  same  ratio  as  the  arcs  which  they  subtend.    (Two  cases.) 

5.  The  square  on  the  hypothenuse  of  a  right  triangle  is  equivalent 
to  the  sum  of  the  squares  on  the  other  two  sides. 

6.  The  area  of  a  circle  is  equal  to  what?    State  and  prove. 

7.  The  ratio  of  the  squares  of  the  legs  of  a  right  triangle  is  equal 
to  the  ratio  of  the  segments  formed  by  dropping  a  perpendicular 
from  the  vertex  of  the  right  angle  upon  the  hypothenuse. 

8.  Construct  a  rectangle  the  sum  of  whose  base  and  altitude  are 
equal  to  a  given  line,  and  whose  area  is  equivalent  to  that  .of  a  given 
square. 

GEOMETRY,  SOLID  AND   SPHERICAL. 

1.  If  a  straight  line  is  perpendicular  to  each  of  two  other  straight 
lines  at  their  intersection,  it  Is  perpendicular  to  the  plane  of  the  two 
lines. 

2.  Every  point  in  a  plane  which  bisects  a  dihedral  angle  is  equi- 
distant from  the  faces  of  the  angle. 

3.  The  sum  of  any  two  face  angles  of  a  trihedral  angle  is  greater 
than  the  third  face  angle. 

4.  The  volume  of  a  triangular  pyramid  is  equal  to  one-third  the 
product  of  the  area  of  the  base  by  the  altitude. 

5.  The  volume  of  a  triangular  pyramid  is  equal  to  one-third  the 
volume  of  a  triangular  prism  having  the  sam9  base  and  altitude. 
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6.  la  two  polar  triangles  each  angle  of  one  Is  measured  by  the  sup- 
plement of  the  opposite  side  in  the  other. 

/    7.  The  volume  of  a  spherical  pyramid  is  equal  to  the  area  of  its 
base  multiplied  by  one-third  of  the  radius  of  the  sphere. 

8.  A  pyramid  whose  altitude  is  *  ^Is  feet  is  cut  into  two  parts  of 
equal  volume  by  a  plane  parallel  to  the  base.  Find  the  distance  of 
the  cutting  plane  from  the  vertex. 

PHYSICS. 

1.  What  are  the  laws  of  liquid  pressure?  Explain  the  Hydrostatic 
Press. 

2.  What  is  density?  Give  some  good  method  of  finding  the 
density  of  an  iron  nut. 

3.  A  block  of  wood  weighs  33.5  grams  in  air.  A  sinker  weighs 
22.8  grams  in  water.  Both  together  weigh  15.7  grams  in  water. 
Find  the  specific  gravity  of  the  wood. 

4.  Find  the  resultant  and  equilibrant  of  a  pair  of  forces  of  3  lbs. 
and  4  lbs.  at  right  angles  to  each  other. 

5.  A  pin  is  placed  in  front  of  a  mirror.  Illustrate  by  means  of  a 
diagram  how  you  would  find  the  position  of  the  image. 

6.  Explain  fully  sound  wave  vibrations. 

7.  Explain  the  sympathetic  vibrations  and  the  interference  of 
sound  waves,  and  give  an  example  of  each. 

8.  How  would  you  test  a  Centigrade  mercury  thermometer? 

9.  Given  the  value  of  the  latent  heat  of  fusion  of  ice  as  80  g.  cs., 
and  that  of  steam  as  537  g.  cs  ,  how  many  gram  calories  will  be  nec- 
essary to  change  500  grams  of  ice  at  0  degrees  to  steam  at  100  de- 
grees C. 

10.  State  the  laws  of  magnets  and  describe  how  you  would  set  up 
a  Daniell  cell. 

BOOK-KEEPING. 

1.  What  are  the  principal  methods  of  book-keeping  ?  Name  and 
state  object  of  books  used  in  each. 

2.  State  rules  for  debiting  and  crediting,  bills  payable,  bills  re- 
ceivable, interest. 

3.  What  is  a  trial  balance  and  a  balance  sheet?  When  may  an 
account  be  omitted  from  the  trial  balance  ? 

4.  Jan.  4.    Bought  of  Moore  &  Co.,  Datroit,  2,000  bbls.  flour  at 
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$5.25.  Gave  in  payment  oar  check  on  German-American  Bank  for 
$4,000,  Preston  &  Co.'s  note  for  $5,000,  discount  to  maturity  allowed 
to  Moore  &  Co.  and  cash  for  balance. 

(a)  What  debits  and  credits  will  you  make  for  this  transaction  ? 
Why? 

(b)  What  entries  will  Moore  &  Co. ,  make  ?    Why  ? 

(c)  What  entry  will  the  German-American  Bank  make  when  check 
is  paid? 

(d)  Give  the  form  of  Preston  &  Co.'s  note  as  originally  received  by 
you. 

(e)  Give  the  form  of  check  on  German- American  Bank  on  Jan.  4. 
In  addition  to  questions  of  above  character  a  record  of  supposed 

transactions  is  given  to  the  candidate  to  enter  in  the  proper  names 
in  the  different  books,  and  he  is  required  to  make  his  own  rulings. 

ASTRONOMY. 

1.  How  are  stars  located  in  the  heavens?  Give  two  methods,  de- 
fining terms  used. 

2.  What  are  nebula?,  new,  variable  and  double  stars,  and  upon 
what  evidence  are  based  the  views  concerning  them? 

8.  Explain  and  illustrate  by  diagram  what  is  meant  by  the  radius 
vector  passing  over  equal  areas  in  equal  time. 

4.  Define  Parallax;  and  describe  a  process  of  finding  the  moon's 
approximate  distance  from  the  earth. 

5.  Explain  the  difference  between  the  four  kinds  of  time. 

6.  Give  the  method  of  locating  the  petition  of  a  ship  at  sea,  in  the 
daytime. 

7.  What  is  the  distance  from  the  sun  of  an  asteroid  having  a 
period  of  eight  years? 

8.  Explain  one  method  of  finding  the  velocity  of  light 

9.  State  clearly  the  Nebular  Hypothesis  ani  give  the  evidence 
upon  which  it  is  based. 

10.  What  is  the  general  law  of  Gravitation? 

In  applying  this  law  to  the  relation  of  the  earth  to  other  bodies, 
what  is  taken  as  the  unit  of  measure? 

ENGLISH   COMPOSITION. 

Comets.  Give  a  clear  account  of  them,  that  shall  be  correct  in 
punctuation,  spelling  and  in  the  use  of  the  English  language. 

Uildulatory  Theory  of  Light.  Give  a  clear  statement  of  this 
theory  and  the  evidence  in  favor  of  it. 
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LIBRARY. 

The  Library  of  the  School  contains  at  present  11,353 
volumes,  and  some  1,700  pamphlets,  not  including  school 
catalogues.  The  1,194  volumes  added  since  the  last  issue  of 
the  Catalogue  have  been  acquired  as  follows: 

OUT.        PUBCHASE.     BINDING. 

1894-95 262  87  102 

1895-96 288  288  272 

Total 495  825  874 

It  will  thus  be  seen  that  a  large  per  cent  of  the  accessions  have 
been  obtained  through  the  courtesy  of  various  societies,  (books,  etc.) 

Books  added  by  purchase  relate  strictly  to  the  technical  subjects 
taught  in  the  school,  and  the  instructors  find  the  library  indispens- 
able in  presenting  their  subjects.  Because  of  the  use  made  of  a 
library  of  this  kind,  it  becomes  a  necessity,  to  have  on  hand  records 
of  the  latest  researches  in  science;  hence  an  effort  is  made  to  secure 
books  needed  for  the  various  departments  as  soon  as  they  appear. 
This  necessity  is  doubled  when  we  remember  that  there  is  no  other 
library  in  the  town  or  vicinity  to  which  those  in  search  of  such 
special  literature  can  apply. 

The  library  is  intended  to  supplement  class-room  instruction 
throughout  the  school.  Constant  reference  is  made  in  classes  to 
works  contained  in  the  library,  and  their  study  is  encouraged. 

The  efficiency  of  the  library  depends  largely  upon  the  complete- 
ness of  its  files  in  important  scientific  and  technical  journals;  to 
this  end  missing  numbers  and  portions  of  sets  which  are  lacking  are 
supplied  as  fast  as  the  school  funds  permit.  It  is  especially  desir  - 
able  that  the  library  should  be  rich  in  reports  and  works  relating  to 
Mining  and  the  Mineral  industry  in  this  and  other  Mining  regions  of 
the  world. 

12 
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Contributions  of  books,  pamphlets,  maps,  etc ,  bearing  on  the  sub- 
jects taught  are  earnestly  solicited  and  grateful  acknowledgment 
is  made  of  all  such  material  received. 

During  the  past  year  the  library  has  been  moved  to  the  second 
floor  of  Science  Hall,  and  occupies  commodious,  well-lighted 
quarters.    The  work  on  the  card  catalogue  is  continued. 

A  large  collection  of  pamphlets,  accumulated  during  past  years, 
has  been  so  arranged  and  classified  as  to  be  readily  accessible,  there- 
by greatly  enhancing  their  value. 

The  library  is  open  daily  throughout  the  entire  year,  Sundays  and 
legal  holidays  excepted,  for  the  use  of  students  and  the  public,  under 
proper  restrictions. 

The  Reading  Room  in  connection  with  the  library  is  supplied  with 
the  leading  newspapers,  scientific  periodicals,  journals,  proceedings 
and  transactions  of  societies.  Heretofore  all  current  publications  of 
this  kind  were  kept  on  file  in  the  reading  room,  students  having 
free  access  to  them.  The  result  was  that  great  difficulty  was  expe- 
rienced in  keeping  volumes  complete  for  binding.  This  difficulty 
has  been  obviated  and  the  school  saved  needless  expense  by  placing 
on  the  library  shelves  all  material  intended  for  binding  and  preser- 
vation, and  issuing  such  to  the  students  only  upon  amplication. 

A  list  of  the  publications  received  by  the  library,  numbering  246 
is  appended. 

PERIODICALS. 

t  Academische  Revue,  Munich. 

American  Chemical  Journal,  Baltimore. 

American  Engineer  and  Railroad  Journal,  New  York, 
f  American  Geologist,  Minneapolis. 

American  Journal  of  Mathematics,  Baltimore. 
t  American  Journal  of  Science,  New  Haven. 

American  Machinist,  New  York. 
t  American  Naturalist,  Philadelphia. 
♦American  Pythian,  Grand  Rapids, 
t  American  School  Commissioner,  Chicago, 
f  Annalen  der  Chenrie,  Justus  Iiebig*8,'  Leipzig, 
t  Annalen  der  Physik  und  Chemie,  Leipzig. 

t A  complete  aet  of  this  publication  is  in  the  library, 
♦Gift  of  publishers. 
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f  Annalen  der  Physik  und  Chemie,  Beibl&tter,  Leipzig. 

Annalen  des  k.  k.  naturhistorischen  Hof museums,  Wi-t 
t  Annales  des  Mines,  Paris, 
f  Annals  of  Mathematics,  University  of  Virginia. 
•Ann  Arbor  Physician  and  Surgeon,  Detroit. 

Anthony's  Photographic  Bulletin,  New  York. 
•Appleton  (D.)  &  Co.'s  Monthly  Bulletin, 
f  As  trophy  sical  Journal,  Chicago. 

Atlantic  Monthly,  New  York. 

Berg-und  huettenmaennisces  Jahrbuch,  Vienna. 

Berg-und  huettenmaennische  Zeitung,  Leipzig. 
fBerichte  der  deutschen  chemischen  Gesellschaft,  Berlin, 
•Book  Reviews,  The  Macmillan  Co.,  Mew  York, 
f Builder,  London. 

Bulletin  of  the  American  Mathematical  Society,  New  York. 
fBulletin  de  la  Societe  Chimique  de  Paris. 
fBulletin  of  the  Essex  Institute,  Salem,  Mass. 
fBulletin  de  la  Societe  Frangaise  de  Mineralogie,  Paris. 

Bulletin  of  the  Geological  Institute  of  the  University  of  Up  sal  a. 
fBulletin  of  the  Geological  Society  of  Amarica,  Rochester,  New 

York. 
fBulletin  de  la  Societe  Geologique  de  France,  Paris. 
fBulletin  of  the  University  of  California,  Berkeley,  California, 
•Bulletins  of  the  Helena  Public  Library,  Helena,  Mont. 
fBulletin  of  the  University  of  Wisconsin,  Madison,  Wisconsin. 
•Canadian  Engineer,  Toronto. 

Canadian  Mining  Review,  Ottawa. 
fCassier'8  Magazine,  New  York. 

Century  Magazine,  New  York. 

Chemical  News,  London. 

Chemiker  Zeitung,  Cdthen,  Germany. 

Die  ohemisohe  Industrie,  Berlin. 
•Chicago  Mining  Review,  Chicago. 

Givilingenieur,  Leipzig, 

Colliery  Engineer,  Scranton,  Penn. 

Colliery  Guardian,  London. 

Colliery  Manager;  London, 
f  Comptes  Rendu*,  Paris. 

Cosmopolitan,  .New  York. 
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Der  Technicker,  New  York, 
t  Dingler's  polyteohnisches  Journal,  Stuttgart 

Electrician,  London. 
^Electrical  Engineer,  New  York. 

Electrical  World,  New  York. 

Electrotechnische  Zeitschrift,  Berlin. 

Engineer,  London. 
fEngineering,  London. 
f  Engineering  Magazine,  New  York. 

Engineering  Mechanics,  New  York. 
f  Engineering  and  Mining  Journal,  New  York. 
^Engineering  News,  New  York. 

Engineering  Record,  New  York. 
♦Field  Columbian  Museum,  Publications  of,  Chicago. 

The  Forum,  New  York. 
^-Geographical  Journal,  London, 
f  Geological  Magazine,  London. 
♦Good  Health,  Battle  Creek. 

Harper's  Magazine.  New  York. 
♦Harvard  University  Bulletin,  Cambridge,  Mass. 
♦Helios:  Export  Journal  for  Electrical  Industry. 
♦Hochschule  Nachrichten. 
♦Home  Study,  Scran  ton,  Pa. 

Industries  and  Iron. 

Iron  Age,  New  York. 
♦Iron  Trade  Review,  Cleveland. 
fJahrbuch  der  k.  k.  geologischen  Reichsanstalt,  Vienna. 

t  Jahrbuch  flir  das  Berg-und  Huttenwesen,  Freiberg. 

fJahresbericht  ueber  die  Fortschritte  der  Chemie,  Braunschweig, 
Germany. 

t Jahres-Bericht  Ueber  die  Leistungen  der  chemischen  Technologie 
(Wagner's),  Leipzig. 

♦Johns  Hopkins  University  Circulars,  Baltimore. 

Journal  de  Physique,  Paris. 

Journal  fur  praktische  Chemie,  Leipzig. 

Journal  of  Education,  Boston. 

\  Journal  of  the  Association  of  Engineering  Societies,  Chicago. 

t  Journal  of  the  Chemical  Society,  London. 
Journal  of  the  Franklin  Institute,  Philadelphia. 
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f  Journal  of  Geology,  Chicago. 

Journal  of  Pure  and  Applied  Mathematics,  London. 

Journal  of  the  Society  of  Arts,  London. 

Journal  of  the  Society  of  Chemical  Industry,  London. 

Journal  of  the  Iron  and  Steel  Institute,  London. 
f* Journal  of  the  Western  Society  of  Engineers,  Chicago. 
*Kritischer  Vierteljahresbericht  ueber  die  berg-  &  huttenmfinnische 

und  verwandte  Literatur,  Freiberg. 
L'Eclairage  Electrique,  Paris. 
Le  Genie  Civil,  Paris. 
Library  Journal,  New  York, 
f  Library  Notes,  Boston. 
•Literary  News,  New  York. 

t London,  Edinburgh  and  Dublin  Philosophical  Magazine,  London* 
Mathematical  Magazine,  Washington. 

f  Memoirs  of  the  American  Academy  of  Arts  and  Sciences,  Boa  ton. 
McClure's  Magazine,  New  York. 
Michigan  School  Moderator,  Lansing. 
Mineralogical  Magazine  and  Journal  of  the  Mineral  ogica]  Society, 

London. 
♦Mining,  Spokane  Falls,  Wash. 
Mining  and  Scientific  Press,  San  Francisco, 
f  Nature,  London. 
fNeues  Jahrbuch   fur   Mineralogie,  Geologic   und    Pat  neon tologle, 

Stuttgart. 
Oesterreichische  Zeitschrift  fur  Berg-und-Hutten weet? nt  Vienna. 
♦Official  Gazette  of  the  United  States  Patent  Office,  Washington, 
fPetermann's   Mittheilungen   aus   Justus   Perthes'  geograph  lecher 

Anstalt,  Gotha. 
fPhilosophical  Transactions  of  the  Royal  Society  of  London, 
Physical  Education,  Springfield,  Mass. 
fPhysical  Review,  New  York. 
{Popular  Science  Monthly,  New  York. 
Power,  New  York. 

f Proceedings  of  the  Academy  of  Natural  Sciences,  of  Philadelphia, 
f Proceedings  of   the   American   Academy  of  Arte  and  Sciences, 

Boston, 
f Proceedings  and  Transactions  of  the  American  Society  of  Civil 
Engineers. 
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fProceedings  of  the  Boston  Society  of  Natural  History,  Boston. 
Proceedings  of  the  Geologists'  Association,  London. 
fProoeedin^s  of  the  Institution  of  Civil  Engineers,  London, 
t Proceedings  of  the  Institution  of  Mechanical  Engineers,  London. 
Proceedings  of  the  London  Mathematical  Society,  London. 
"Proceedings  of  the  Rochester  Academy  of  Science,  Rochester,  New 

York, 
f  Proceedings  of  the  Royal  Society,  London. 
Publishers'  Weekly,  New  York, 
f Quarterly  Journal  of  the  Geological  Society,  London. 

Review  of  Reviews,  New  York, 
f Revue  Universelle  des  Mines,  de  la  Metallurgie,  etc.,  Paris. 
♦St.  Andrews'  Cross,  New  York. 
fSchool  of  Mines  Quarterly,  New  York, 
t Science,  New  York. 
fScience  Progress,  London. 
Scientific  American,  New  York. 
fScientific  American  Supplement,  New  York. 
Scribner's  Magazine,  New  York. 
fSitzungsberichte  der  kaiserlichen  Akademie  der  Wissenschaften, 

Vienna. 
fSitzungsberichte  der  konigiich-preussischen  Akademie  der  Wis- 
senschaften zu  Berlin. 
Societe  Geologique  de  France,  Compte  Rendu,  Paris. 
Stahl  und  Eisen,  Dusseldorf . 
♦Stone,  Chicago. 
•f  Transactions  of  the  American  Institute  of  Electrical  Engineers,  New 

York. 
^Transactions  of  the  American  Institute  of  Mining  Engineers,  New 

York. 
^Transactions  of  the  American  Society  of  Mechanical  Engineers, 

New  York. 
♦Transactions  of  the  Canadian  Institute,  Toronto. 
♦Transactions  of  the  Association   of   Civil  Engineers  of   Cornell 

University,  Ithaca,  N.  Y. 
f  Transactions  of  the  Federated  Institute  of  Mining  Engineers,  New- 
castle-on-Tyne,  England. 
Transactions  of  the  Manchester  Geological  Society,  Manchester, 
England. 
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f Transactions  of  the  Wisconsin  Academy  of  Arts ,  Sciences  atid  1a  t 

ten.  Madison,  Wis. 
f  Verhandlungerf  der  k.  k.  geologischen  Reichsanstait,  Vienna. 
fZeitschrift  der  deutschen  geologischen  Qesellschaf t,  Berlin. 
fZeitschrift  fur  analytische  Chemie,  Wiesbaden. 
fZeitschrift  fur  anorganische  Chemie,  Leipzig. 
fZeitschrif t  fur  das  Berg-Hutten-und  Salinenwesen,  Berlin. 
fZeitschrift  fur  Krystallographie  und  Mineraiogie,  Leipzig 
fZeitschrift  fur  physikalische  Chemie,  Leipzig. 
fZeitschrift  fur  praktische  Geologie,  Berlin. 

NEWSPAPERS. 

*  Alpena  Pioneer. 
•Ann  Arbor  Argus. 
•Ann  Arbor  Courier. 
•Bay  City  Tribune. 
•Belleville  Enterprise. 
•Belle  vue  Gazette. 
•Bessemer  Herald. 
•Boise  City  (Idaho)  Statesman. 
•Bronson  Journal. 
•Cadillac  State  Democrat. 
•Calumet  Conglomerate. 
•Calumet  Copper  Country  Evening  News. 
•Calumet  and  Red  Jacket  News. 
•Capac  Journal. 
•Chicago  Herald. 

•Church  Helper  of  Western  Michigan. 
♦Coldwater  Sun. 
•Coldwater  Weekly  Courier. 
♦Crystal  Falls  Diamond  Drill. 
•Detroit  Evening  News. 
•Detroit  Free  Press. 
•Detroit  Journal. 
•Ely  Times. 
•Escanaba  Iron  Port. 
'Escanaba  Journal. 
•Escanaba  Mirror. 
*  (lift  of  the  publishers. 
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•Ewen  Recorder. 

♦Fife  Lake  Monitor. 

♦Flint  Evening  Journal. 

♦Florence  Mining  News. 

♦Grand  Rapids  Democrat. 

♦Grand  Rapids  Workman. 

♦Grand  Traverse  Herald. 

♦Hancock  Semi- Weekly  Copper  Journal. 

♦Hancock  Progress. 

♦Houghton  Portage  Lake  Mining  Gazette. 

♦Imlay  City  Record. 

♦Iron  River  Iron  County  Reporter. 

♦Ironwood  News-Record. 

♦Ironwood  Times. 

♦Ishpeming  Iron  Ore. 

♦Ishpeming  Peninsular  Record. 

♦Jackson  Weekly  Patriot. 

♦Kalamazoo  Daily  Telegraph. 

♦Kalkaskian. 

♦L'Anse  Sentinel. 

♦Lake  Linden  Native  Copper  Times. 

♦Lansing  Republican. 

♦Lapeer  Clarion. 

♦Manistee  Advocate. 

♦Manistee  Daily  News. 

♦Manistique  Tribune. 

*Manistique  Semi- Weekly  Pioneer. 

♦Maple  Rapids  Dispatch. 

♦Marquette  Mining  Journal. 

♦Menominee  Democrat 

♦Menominee  Herald. 

♦Stephenson  Menominee  County  Herald* 

♦Michigan  Maooabee. 

♦Milan  Leader. 

♦Negaunee  Iron  Herald. 

♦New  York  Times. 

♦Norway  Current 

♦Ontonagon  Herald. 

♦Ontonagon  Miner. 
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♦Petoskey  Independent  Democrat. 

♦Petoskey  Record. 

♦Pontiao  Gazette. 

♦Pontiac  Oakland  County  Post. 

♦Port  Huron  Bee  Hive. 

•Port  Huron  Weekly  Times. 

♦Romulus  Roman. 

*Saginaw  Evening  News. 

♦Saginaw  Weekly  Courier-Herald. 

♦Sault  Ste.  Marie  Democrat. 

♦Sault  Ste.  Marie  News. 

*3t.  Clair  Republican. 

♦St.  Ignace  News. 

♦Traverse  Bay  Eagle. 

♦Traverse  City,  Grand  Traverse  Herald. 

♦VasBar  Times. 

♦Virginian. 

♦Virginia  Enterprise. 

♦Willis  Times. 

♦Youths'  Instructor. 

♦Ypsilantian. 

REGULATIONS  OF  THE  LIBRARY. 

1.  Hours:  The  Library  is  open  daily  throughout  the  year  except 
Sundays  and  legal  holidays  from  8  a.  m.  to  6  P.  M. 

2.  Access:  Students  are  not  allowed  access  to  the  shelves  except 
through  special  permission  obtained  from  the  Librarian. 

3.  Reference  Boohs:  Reference  books  are  not  to  be  taken  from  the 
building  except  by  special  permission  from  the  Librarian. 

4.  Time:  Books  may  beheld  by  the  students  for  two  weeks,  and 
renewed  at  the  end  of  that  time  if  desired,  unless  previously  asked 
for  by  another. 

5.  Ticket:  A  ticket  is  to  be  deposited  with  the  Librarian  for  every 
book  and  periodical  taken  from  the  Library. 

6.  Boohs  Lost  or  Injured:  Books  lo3t  or  injured  are  to  be  replaced 
or  repaired  at  the  expense  of  the  person  to  whom  they  were  Issued* 

7.  Boohs  Called  in:  Books  may  be  called  in  by  the  Librarian  at 
any  time. 
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8.  Fines:  Keeping  books  beyond  the  allotted  time  will  entail  a  fine 
of  five  cents  per  day  for  each  book  overdue,  and  will  forfeit  the  privi- 
lege of  renewing  or  taking  any  other  books,  until  the  fines  are  paid. 

9.  Use  of  Library:  Members  of  the  Board  of  Control,  officers  of 
the  State  Geological  Surrey,  the  chief  officers  of  mines,  stamp  mills 
and  smelting  works,  superintendents  and  principals  of  graded 
schools,  resident  clergymen,  and  resident  officers  in  the  service  of  the 
State  or  the  United  8tates,  and  officers  and  students  of  the  Mining 
School  can  take  out  books  under  the  usual  regulations  herein  pro- 
vided. All  other  persons  on  the  recommendation  of  the  Director 
and  Librarian,  can  take  out  books  under  the  usual  condition,  after 
making  a  deposit  of  $5,  with  the  Treasurer,  or  in  case  of  books  of 
special  value,  a  deposit  sufficient  to  cover  the  coat.  The  Treasurer's 
receipt  is  to  be  exhibited  to  the  Librarian  before  any  book  is  to  be 
taken  out  by  the  party  in  question. 

10.  Use  in  Reading  Room:  Books  may  be  taken  out  by  any  one 
for  use  in  the  Reading  Room,  at  the  discretion  of  the  Librarian. 
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COLLECTIONS. 

The  distinctive  purpose  of  the  Mining  School  hm  been  to 
arrange  its  collections  for  their  value  and  use  in  teaching  and 
not  for  exhibition  or  show.  For  this  reason  only  minor  por- 
tions of  the  materials  belonging  to  the  school  are  placed  in 
exhibition  cases  for  the  benefit  of  the  general  public.  Most 
of  the  collections  are  kept  in  drawers  and  cases*  in  the  lab* 
oratories  where  the  student  has,  as  a  rule,  as  free  ucce&s  to 
them  as  the  instructors  themselves.  This  is  done  iu  order 
that  they  shall  be  of  the  greatest  benefit  to  the  students,  the 
parties  in  whose  interests  the  Mining  School  was  organized 
and  for  whose  benefit  it  is  conducted. 

The  collections  now  in  the  possession  of  the  school  for  the 
purpose  of  illustration  and  study  are  the  followirj::- 

Biological  Collections 

Palaaontoloftical  Lecture  Collections 

Palseontological  Practice  Collection 3,1 00 

Collection  of  Glass  Crystal  Models 151 

Collection  of  Wooden  Crystal  Models i»  1 5:t 

Collection  of  Natural  Crystals __        2,260 

Collection  Illustrative  of  Physical  Properties  of  Min- 
eral*         4*<> 

Lecture  Collection  of  Minerals 10,000 

Practice  Collection  of  Minerals 1 7,025 

Exhibition  Collection  of  Minerals 1 ,000 

Emerson  Collection  of  Minerals , .  550 

Thin  Sections  of  Minerals S.Oiki 

Polariscope  Sections  of  Minerals 

Lecture  Collection  of  Rocks -  - .  3 ,  ^00 

Practice  Collection  of  Rocks fl.SOu 

Rosenbusch  Collection  of  Rocks 1,000 
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Lecture  Collection  of  Michigan  Rocks 675 

Practice  Collection  of  Michigan  Bocks 1,800 

Stratigraphical  Bock  Collections 210 

Thin  sections  of  Rocks 4,973 

66,014 

Besides  the  above,  there  are  collections  of  palaeontologies!  charts,, 
metallurgical,  geological,  and  petrographical  diagrams,  geological 
models,  maps,  metallurgical  collections,  etc. 

Collections  of  slags,  metallurgical  products,  materials  for  illustra- 
tion in  Economic  Geology,  as  well  as  some  exhibition  collections,, 
have  been  commenced  and  all  persons,  particularly  former  students- 
and  graduates  of  the  school,  who  can,  are  urged  to  contribute  to  the 
school  collections  of  minerals,  rocks,  veinstones,  ores,  slags,  metal- 
lurgical products,  samples  of  building  stones,  machinery,  tools,  etc., 
and  models,  photographs  and  prints  of  the  same,  etc. 

In  the  case  of  mineral  products  used  in  arts  and  manufactures, 
it  is  desired  to  procure  specimens  showing  the  various  stages  in  the 
process  of  manufacture.  It  is  especially  important  for  the  School  to 
receive  and  preserve  sets  of  cores  from  drill  holes,  samples  of  ores 
from  every  mine,  with  specimens  of  the  associated  gangue  minerals- 
and  rocks,  as  well  as  of  the  walls  and  associated  country  rocks. 

If  the  graduates  and  other  former  students  of  the  Mining  School 
would  see  to  it  that  the  materials  desired  were  sent  to  the  school 
from  their  respective  localities,  they  would  do  some  little  toward  re* 
paying  the  heavy  debt  that  they  owe  to  the  State  of  Michigan  in. 
generously  giving  them  their  education  free  of  charge. 
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THE  LONGYEAR  PRIZES. 

Through  the  liberality  of  Hon.  J.  M.  Longyear,  of  Mar- 
quette, the  following  prizes  have  been  offered,  as  stated  in 
liis  letter  which  is  here  appended: 

Marquette,  Michigan,  Nov.  9,  1SS7, 

Oharlbs  E.  Wright,  Esq.,  Marquette: 

Dear  Sir— I  wish  to  offer  three  first  prizes  of  seventy-fire  dol- 
lars ($76)  each,  and  three  second  prizes  of  fifty  dollars  ($50)  each, 
to  be  competed  for  by  the  members  of  the  senior  class  of  the  Michi- 
gan Mining  School.  The  competition  to  be  by  means  of  p&i  ■■  t>  on 
three  subjects,  written  by  members  of  the  class,  and  submitted 
to  the  Board  of  Control  for  examination  in  suoh  a  manner  and 
a  such  a  time  as  the  Board  may  d  3  term  in  e.  I  desire  subjects 
selected  with  a  view  of  producing  papers  which  will  be  of  practical 
use  in  developing  the  miner  U  resources  of  the  State  of  Michigan,  I 
should  like  something  which  would  be  of  service  to  the  average 
woodsman  or  explorer, and  suggest  the  subjects  of  Practical  Field  Ge- 
ology, and  the  use  of  the  Dial  and  Dip  Compass;  in  explorations  Leaving 
the  selection  of  the  third  subject  to  the  judgment  of  the  Board.  If  this 
offer  is  accepted,  and  there  are  two  or  more  papers  on  each  subject 
submitted,  I  will  pay  seventy-five  dollars  to  each  of  the  writers  of  the 
three  papere  which  may  be  awarded  the  first  prizes,  and  fifty  dollars 
to  each  of  the  writers  of  the  three  papers  which  may  be  awarded  the 
second  prizes. 

I  would  suggest,  however,  that  in  case  only  two  papers  are  submit* 
ted,  that  the  Board  reserve  the  right  of  awarding  only  one  prize,  in 
case  such  action  should  seem  advisable.  In  case  only  one  paper 
should  be  submitted,  I  should  like  the  Board  to  exercise  its  judgment 
in  awarding  a  prize.   *It  is  my  desire  to  publish  the  papers  under  the 
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writers*  names,  in  pamphlet  form,  for  distribution  among  miners, 

explorers,  land  owners,  and  others. 

Yonrs  very  truly 

J.  M.  Longyear. 

In  conformity  with  the  foregoing  letter,  the  Board  of  Control  have 

decided  upon  the  following  subjects  and  conditions: 

Sxtbject*. 

1.  Field  Geology;  its  Methods  and  their  Applications. 

2.  The  Dial  and  the  Dip  Compass  and  their  Uses. 

3.  The  Diamond  Drill  and  its  Uses. 

Conditions. 

The  conditions  under  which  the  prizes  are  awarded  are  as  follows: 

The  papers  are  to  be  presented  by  June  1st,  for  each  year.  . 

A  student  may  present  a  paper  upon  each  of  the  three  subjects, 
which  will  entitle  him  to  three  prizes,  if  his  papers  are  found  worthy. 

The  dissertations  must  be  prepared  in  the  same  manner  as  the 
theses,  the  regulations  for  which  can  be  procured  on  application  to 
the  Secretary  of  the  school. 

The  title  page  is  to  have  upon  it  an  assumed  name,  and  each  dis- 
sertation is  to  be  accompanied  by  a  sealed  envelope  bearing  the  same 
name.  This  envelope  must  contain  the  writer's  true,  as  well  as 
assumed,  name,  and  his  address,  and  it  will  not  be  opened  until  the 
awards  have  been  made. 

No  prizes  will  be  awarded,  unless  the  papers  are  judged  by  the 
committee  to  whom  they  are  referred,  to  be  of  a  sufficiently  high- 
standing  to  be  entitled  to  a  prize;  hence,  there  may  be  awarded  all, 
part,  or  none  of  the  prizes,  as  the  case  may  be. 

These  prizes  can  now  be  competed  for  by  any  students  of  the 
school,  whether  special,  graduate  or  regular,  without  restriction  to 
the  graduating  class,  as  was  originally  specified. 

THE  CHARLES  E.  WRIGHT  SCHOLARSHIP. 

The  Charles  E.  Wright  Scholarship  has  been  founded  by 
Mrs,  Carrie  A.  Wright,  of  Ann  Arbor,  in  accordance  with 
the  conditions  expressed  in  the  letter  given  below: 
To  the  Honorable  Board  of  Control  of  the  Michigan  Mining  School: 

Gentlemen— In  memory  of  my  husband,  the  late  Charles  E. 
Wright,  and  as  a  token  of  the  deep  interest  he  had  In  the  Michigan 
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Mining  School,  I  desire  to  give  to  said  school  the  sum  of  one  thou- 
sand dollars. 

If  said  gift  shall  be  accepted,  it  is  to  be  held  under  the  following 
conditions,  to- wit:  It  is  to  be  invested  as  a  permanent  fund,  by  the 
Board  of  Control,  to  form  the  nucleus  of  a  scholarship  to  be  known 
as  the  Charles  £.  Wright  Scholarship.  The  income  is  to  be  given  to 
some  indigent  student,  by  vote  of  the  Board  of  Control,  with  the 
advice  and  consent  of  the  Faculty  of  said  school. 

The  award  is  to  be  made  during  the  first  term  of  the  year,  to  some 
student  who  has  a  satisfactory  record  during  the  entire  preceding 
year  in  the  Michigan  Mining  School,  and  who  intends  to  devote  him- 
self to  the  profession  of  Mining  Engineering  or  Geological  work. 
The  income  is  to  be  divided  into  three  equal  parts,  to  be  paid  during 
the  three  terms  of  the  year,  and  if  at  any  time  the  conduct  or  stand- 
ing of  the  student  receiving  the  award  should  become  unsatisfactory, 
the  portion  then  remaining  unpaid  should  be  withheld  from  him,  and 
given  to  some  other  student,  in  accordance  with  the  terms  of  this  gift. 

(Signed)  Carrie  A.  Wright. 


THE  NORRIE  SCHOLARSHIP. 

This  scholarship  has  been  founded,  and  will  be  awarded 
in  accordance  with  the  conditions  and  requirements  stated 
below: 

Know  all  men  by  these  presents,  That  I,  A.  Lanfear  Norrie,  of  the 
city  of  New  York,  hereby  give,  grant,  assign,  and  set  over  unto,  the 
Michigan  Mining  School,  of  Houghton,  Michigan,  and  to  Peter 
White,  D.  H.  Ball  and  J.  M.  Longyear,  of  Marquette,  Michigan,  as 
trustees,  the  sum  of  five  thousand  dollars  ($5,000),  lawful  money  of 
the  United  States. 

The  conditions  of  this  gift,  and  upon  which  this  fund  is  to  be 
taken,  are  that  the  said  trustees  shall  invest  the  same  upon  bond  and 
mortgage  in  the  village  of  Marquette,  or  in  the  city  of  Detroit,  in  the 
State  of  Michigan,  or  in  the  city  of  Milwaukee,  in  the  State  of  Wis* 
cousin,  or  in  the  city  of  Chicago,  in  the  State  of  Illinois,  upon  unen- 
cumbered improved  real  estate. 

'    That  one-half  of  the  income  of  said  sum  of  $5,000  shall  be  paid 
yearly  by  said  trustees  unto  the  Board  of  Control,  for  the  support  of 
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some  student  whose  father  has  worked  in,  or  in  some  way  been  con- 
nected with,  mining  operations  in  the  Upper  Peninsula  of  Michigan, 
who  shall  be  designated  by  the  Faculty  of  said  school;  and  the  re- 
mainder of  said  income  shall  be  accumulated  and  invested  as  said 
principal  shall  be  invested,  and  that  this  fund  with  its  accumulations 
shall  be  the  basis  of  a  larger  fund,  to  be  obtained  from  other  contri- 
butions, amounting  to  at  least  one  hundred  thousand  dollars 
{$100,000),  to  be  used  for  the  erection  of  a  Dormitory  Building,  for  the 
use  of  such  students  as  shall  be  designated  by  said  Faculty;  which 
building,  when  erected,  shall  be  under  the  exclusive  control  of  the 
corporation  or  Board  of  Control  of  the  said  Michigan  Mining  School 

This  gift  is  to  the  said  trustees  and  their  successors  forever,  for  the 
benefit  of  the  said  Mining  School.  In  case  of  the  death  of  either  of 
said  trustees,  the  survivors  or  survivor  shall  appoint  a  successor  or 
successors. 

When  the  erection  of  said  building  shall  be  commenced,  after  the 
said  fund  of  one  hundred  thousand  dollars  is  obtained,  the  sum  here- 
by given,  with  all  its  accumulations,  shall  be  paid  over  to  the  said 
Mining  School,  for  the  purpose  aforesaid. 

Witness  my  hand,  the  80th  day  of  January,  1890. 

A.  Lanfear  Norrie. 

Witness,  T.  E.  O.  M.  Stetson. 

We,  Peter  White,  D.  H.  Ball  and  J.  M.  Longyear,  the  persons 
named  in  the  above  instrument,  accept  the  trust  therein  granted,  in 
all  respects,  and  agree  to  comply  with  the  conditions  thereof. 
Witness  our  hands,  the  1st  day  of  February,  1890. 

Peteb  White, 
D.  H.  Ball, 
J.  M.  Longyear. 

THE  LONGYEAR  FUND. 

This  is  a  fund  of  $500.00  a  year  given  for  several  years  by 
Hon.  J.  M.  Longyear  of  the  Board  of  Control,  to  be  the 
property  of  the  Mining  School,  to  be  loaned  to  students*  of 
said  School  who  may  be  designated  by  the  Director  and 
Treasurer,. said  students  being  unable  to  maintain  their  con- 
nection with  -the  Sabool  witjieiit  suqh  ai£. 
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This  money  is  not  to  be  a  gift  to  the  student,  but  he  is  to  pay  it 
back  as  soon  as  practicable  after  graduation.  After  his  graduation 
interest  will  be  charged  him  for  the  first  three  years  at  5  per  cent, 
and  for  the  following  two  years  at  7  per  cent.  The  money  mid  the 
interest  are  to  go  to  the  fund,  to  aid  other  students  in  the  same  way. 
This  method,  it  is  believed,  will  lead  the  student  to  a  more  manly 
feeling  than  a  gift  outright  would  produce  in  him,  since  it  gives  him 
the  means  of  paying  for  his  own  education,  assists  him  when  he 
most  needs  assistance,  and  enables  him  to  return  the  money  to  aid 
others,  at  a  time  when  he  can  best  do  so. 

It  is  believed  that  it  would  be  better  if  all  funds  given  to  the 
School  for  investment  and  use,  should  be  accompanied  by  some  pro- 
viso that  a  certain  portion,  at  least,  of  the  income  shall  be  saved  Off 
set  aside,  to  increase  the  principal  until  it  shall  attain  a  Limit,  either 
fixed,  or  left  to  the  proper  authorities  to  determine.  Such  a 
method  would  enable  the  institution  in  the  future  to  do  much  more 
good,  than  it  would  if  the  income  were  to  be  spent  entirely  each 
year. 

The  School  is  in  great  need  of  funds  to  aid  students  mho  would 
otherwise  be  unable  to  attend  its  classes.  Aid  of  this  kind  is 
frequently  sought  by  able  and  worthy  young  men,  and  all  is  done 
that  can  be,  with  the  limited  means  at  the  command  of  the  School 
to  assist  them. 

The  Longyear  Fund  has  been  continued  for  four  years,  and 
now  amounts  to  $2,000.00,  and  part  of  it  is  at  present  available. 


BENEFICIARIES    OF   SCHOLARSHIPS    AND    FUNDS. 


Norrie  Scholarship. 

Robert  Murray,  Jr 1804-1895 

Longyear  Fund. 

Arthur  Walter  Bates 189o-i8Q6 

Appieton  Richey 1895-1896 

Ralph  Clark  Works 18§£M8S6 

13 
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BUILDINGS. 


Science  Hall,  or  the  main  building  now  occupied  by 
the  Mining  School,  was  completed  by  the  State  in  1889,  at  a 
cost  of  $75,000.  The  building  is  constructed  of  Portage 
Entry  sandstone,  with  a  tile  roof  (see  Frontispiece). 

The  larger  part  of  the  Bite  and  grounds  was  donated  to  the  School 
by  the  Honorable  Jay  A.  Hubbeli,  to  whom  the  establishment  of  the 
School  is  chiefly  due.  The  building  has  a  large  and  independent 
supply  of  spring  water,  sufficient  for  all  its  present  needs. 

The  main  building  is  109  feet  by  58  feet,  with  a  wing  87  feet  by  25 
feet.  The  interior  portion  of  the  building  has  been  arranged  so  as  to 
save  the  greatest  amount  of  space  possible  for  the  laboratories  and 
working  rooms,  consistent  with  safety  to  the  structure  and  proper 
light  The  halls  have  been  reduced  to  a  minimum.  The  size  of  the 
rooms  and  their  uses  are  hem  given: 

8CIENCE  HALL. 

BASEMENT. 

Students' Room 16x33  feet. 

Gymnasium 81x42  feet 

Store  Room 14x19  feet 

Carpenter  Shop 81x42  feet 

A  ssay  i  ng  Laboratory 32x41  feet . 

Weighing  Room 13x16  feet. 

Lavatory 8x11  feet 

FIR8T  FLOOR. 

Laboratory  of  Economic  Geology 22x27  feet 

Paleeontological  Laboratory 21x27  feet 

Professor's  Room 15x21  feet 

Geological  Laboratory 21x27  feet 
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Mineralogies!  Laboratory 27*40  feet 

Petrographical  Laboratory 24x33  feet* 

Goniometer  Room Txlfi  feet. 

Lavatory .13* 16  feet. 

Coat  Room 6*16  feet 

SECOND  FLOOR. 

Library JMta49  feet. 

Reading  Room 14x21  feet. 

Recitation  Room Iflx3ft  feet. 

Recitation  Room 14x31  feet 

Recitation  Room 28x32  fe^t. 

Professor's  Room 1 4x !  6  f ee L 

Physical  Laboratory 33i-il  feet. 

Lavatory- ISxlfl  feet. 

THIBD  FLOOR. 

Balance  Room 13x16  feet. 

Quantitative  Laboratory 43x32  feet. 

Professor's  Room 15x36  fee*. 

Qualitative  Laboratory 43i49  feet. 

Chemical  Lecture  Room S4x;t3  feet. 

Spectroscope  Room 6x16  feet. 

Chemical  Supply  Room 15*10  feet. 

Chemical  Supply  Room ^ 11x13  feet. 

TOWER. 

Professor's  Room 1|*8§  feet. 

Photographic  Laboratory 15x19  feet 

ENGINEERING   HALL. 

This  building  was  erected  in  1893-1894,  and  first  occupied 
in  the  summer  of  the  latter  year.  (See  plate  at  the  viu]  uf 
this  catalogue.)  The  size  of  its  rooms  and  their  u^rs  are 
subjoined : 

BASEMENT. 

Machine  shop 9?r<M  feet. 

Tool  Room 5x17  feet 

Electrical  Instrument  Room 34*17  feet 

Dynamo  Room 34x27  r«*L 
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Lavatory 28x10  feet 

Photometer  Room 8x14  feet. 

FIRST  FLOOR. 

Pattern  Shop 70x35  feet. 

Lecture  Room 28x26  feet. 

Laboratory  for  Testing  Materials 27x25  feet. 

Oil  Testing  Room ;_...18x  9  feet. 

Tool  Room Ux  8  feet. 

Lavatory 12x12  feet 

Professor's  Office 16x18  feet 

Stock  Room 18x  9  feet 

Storage  Battery  Room 15x11  feet 

SECOND  FLOOR. 

Drawing  Room 97x25  feet 

Blue  Print  Room 12x  8  feet. 

Lecture  Room 85x28  feet 

Assistants  Office 12x11  feet 

Office  of  Mining  Department 16x15  feet 

Map  Room 15x12  feet 

Lavatory 11x11  feet 

An  annex  contains  a  Fuel  Room  16x34  feet,  and  a  Boiler  Room 
29x84  feet.  In  the  latter  are  located  three  boilers,  two  of  which  are 
used  for  heating  purposes.  To  enable  the  student  to  become  practi- 
cally familiar  with  water  tube  boilers,  a  58  HP  Stirling  water  tube 
boiler  is  used  to  supply  steam  to  shop,  laboratory  and  stamp  mill 
engines. 

Besides  the  two  principal  buildings  the  School  has  also 
erected  for  its  use  other  structures  as  follows: 

Ore  Dressing  Plant  or  Stamp  Mill 81x80  feet 

Roasting  Furnace  Building 28x28  feet 

Oil  House 22x20  feet 

Storage  House 46x25  feet 

The  floor  plans  of  Science  Hall  are  appended. 


Plan  op 
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DEPOSITS,  TUITION  AND  OTHER  EXPENSES. 


Under  the  act  of  organization,  the  Board  of  Control  has 
made  the  school  entirely  free,  no  charge  being  made  for 
tuition  or  incidentals,  whether  the  student  is  a  resident  of 
the  State  of  Michigan,  or  of  the  United  States,  or  not' 
students  from  every  land,  under  the  broad,  enlightened  and 
liberal  policy  of  the  State,  are  cordially  invited  to  make  the 
f ullost  use  of  the  educational  advantage  offered  by  this  institu- 
tion. 

The  supplies  in  the  chemical  and  allied  laboratories  are  furnished 
the  students,  and  they  are  required  to  pay  for  materials,  re-agente. 
etc.,  and  for  the  use  and  breakage  of  apparatus,  but  there  is  no  dif- 
ference made  between  residents  of  the  State  and  non-residents. 

All  students  working  in  the  Chemical  Laboratories  are  required  to 
pay  ten  dollars  a  year,  which  general  charge  covers  all  chemicals, 
gas,  use  of  balances,  etc.  Students  taking  the  course  in  Assaying 
are  required  to  pay  eight  dollars  for  materials  consumed. 

In  order  partially  to  insure  the  State  against  damage  and  loss  to 
its  school  property,  every  student  is  required  to  deposit  with  the 
Treasurer  the  sum  of  twenty-five  dollars  ($25).  This  sum  shall  not 
be  withdrawn  by  the  student  until  he  closes  his  connection  with  the 
School;  and  if  any  portion  is  required  by  the  School  as  a  refund  for 
damages,  the  part  withdraw n  shall  be  at  once  replaced  by  the 
student,  or  he  shall  stand  dismissed  from  the  institution. 

Charges  for  apparatus,  chemicals  and  other  supplies  from  the  store 
room,  as  well  as  for  repairs  of  damages  to  school  property,  and  also 
fines,  shall  be  deducted  from  coupons  procurable  from  the  Clerk 
upon  payment  of  five  dollars  each,  but  no  portion  of  the  twenty-five 
dollars  above  mentioned  shall  be  used  for  the  purchase  of  these  cou- 
pons. The  permanent  deposit  of  twenty-five  dollars,  together  with 
any  balance  equivalent  to  the  unused  portion  of  a  coupon,  shall  be 
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returned  to  the  student  when  he  closes  his  connection  with  the 
school,  hut  not  before. 

There  are  no  dormitories  connected  with  the  School.  Arrange- 
ments can  be  made  by  those  who  desire  to  do  so,  to  obtain  board  and 
rooms  in  private  families,  and  in  boarding  houses,  in  Houghton  and 
Hancock,  at  prices  varying  from  twenty  to  twenty-five  dollars  per 
calendar  month.  Twenty-two  or  twenty-three  dollars  per  month  is 
understood  to  be  the  standard  average  price.  This  is  to  include  the 
room,  heat  and  lights,  as  well  as  board.  Board  alone  can  be  obtained 
at  from  seventeen  to  twenty  dollars  per  calendar  month. 

The  expenses  of  course  vary  much  with  the  taste  and  habits  of  the 
student,  but  when  it  is  considered  that  he  is  given  gratuitously  instruc- 
tion of  a  grade  and  with  an  equipment  that  he  cannot  obtain  else- 
where except  upon  the  payment  of  from  $100.00  to  $200.00  tuition 
fee,  the  average  expenses  seem  very  low. 

Students  have  assured  the  Director  that  during  the  forty-five  weeks 
in  the  school  year  their  entire  expenses  were  within  $200.00.  This 
small  expense  can  of  course  be  obtained  only  by  self  board  or  by 
boarding  in  clubs. 

In  averaging  the  expenses  of  the  students  the  data  given  below 
have  been  furnished  by  the  students  to  one  of  their  own  number  who 
was  interested  in  collecting  the  statistics.  They  can  be  relied  upon, 
therefore,  as  being  as  accurate  as  it  is  possible  to  obtain.  In  com- 
paring these  expenses  with  those  at  other  institutions,  it  is  to  be  re- 
membered three  yeare  of  forty-five  weeks  at  the  Mining  School  are 
the  equivalent  of  the  usual  four  years  of  most  other  institutions; 
while  if  a  sudent  remains  here  only  the  ordinary  thirty-four  weeks 
of  a  school  year,  he  can  proportionately  diminish  his  expenses  so 
that  they  will  be  only  about  two-thirds  of  the  amounts  given  in  the 
table  of  expenses. 
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ANNUAL   EXPENSES   OF  STUDENTS   IN   THE    MICHIGAN 

MINING  SCHOOL  FOR  FORTY-FIVE  WEEKS  Oh 

ACTUAL  SCHOOL  WORK. 


EXPENSES  FOR  STUDENTS. 

LOW.  . 

$175  00 
11  00 
15  00 
25  00 
15  00 

10  00 

10  00 

MEDIUM. 

EDflB 

Board  (Forty-five  Weeks) 

$100  00 
55  00 
25  00 
29  00 
25  00 

13  00 

50  00 

$387  00 

$2i>5  IKI   i 

Room  ( Eleven  Months) 

fft  «0  f 

Washing,  etc.  (Eleven  Months) 

Books 

Laboratory  Expenses 

Incidental  Expenses  (Mining  Trips, 
etc.) 

;5S  m  + 

3fi  HO  + 

Extra  Expenses  in  Mining,  Survey- 
ing, or  Field  Geology 

05  ih>  + 

Total  Annual  Expenses     , 

$261  00 

$47H  110    | 

Average  Weekly  Expenses 

$5  80 

$8  60 

(no  m  4 
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ORGANIZATION   AND    GOVERNMENT. 


The  Michigan  Mining  School  is  an  institution  established 
and  supported  by  the  State  of  Michigan,  in  accordance  with 
that  liberal  educational  policy  which  has  placed  its  educa- 
tional institutions  among  the  foremost  of  America. 

The  Mining  School  is  organized  under  the  authority  of  an  Act, 
approved  May  1,  1895,  portions  of  which  are  as  follows: 

44  Section  1.  The  people  of  the  State  of  Michigan  enact:  That  a 
school  shall  be  established  in  the  Upper  Peninsula  of  the  State  of 
Michigan,  to  be  called  the  Michigan  Mining  School,  for  the  purpose 
and  under  the  regulations  contained  in  this  Act. 

44  Sec.  2.  The  said  school  shall  he  under  the  control  and  manage- 
ment of  a  board  of  six  members,  not  less  than  four  of  whom  shall  be 
residents  of  the  Upper  Peninsula  of  the  State  of  Michigan,  who  shall 
be  known  as  the  Board  of  Control  of  the  Michigan  Mining  School, 
and  who  shall  be  appointed  by  the  Governor  of  the  State  of  Michi- 
gan, by  and  with  the  consent  of  the  Senate,  *  *  *  *  and  who 
shall  serve  without  compensation. 

"Sec.  5.  The  course  of  instruction  shall  embrace  geology,  miner- 
alogy, chemistry,  mining  and  mining  engineering,  and  such 
other  branches  of  practical  and  theoretical  knowledge  as  will, 
in  the  opinion  of  the  board,  conduce  to  the  end  of  enabling 
the  students  of  said  Institution  to  obtain  a  full  knowledge  of  the 
science,  art  and  practice  of  mining,  and  the  application  of  machin- 
ery thereto.  Tuition  shall  be  free  in  said  Institution,  to  all  bona 
fide  residents  of  this  State,  but  a  reasonable  charge  for  inci- 
dental expenses,  not  less  than  ten  dollars  nor  exceeding  thirty  dollars 
per  year,  may  be  made  against  any  student,  if  deemed  necessary, 
and  the  board  shall  not  be  obliged  to  furnish  books,  apparatus,  or 
other  materials  for  the  use  of  students. 
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"  Sec.  0.  The  course  of  study,  {the  terms,  and  the  hours  of  instruc- 
tion, shall  be  regulated  by  the  board,  who  shall  also  have  power  to 
make  all  such  rules  and  regulations  concerning  admission,  control 
and  discipline  of  students,  and  such  others,  as  may  be  deemed  neces- 
sary for  the  good  government  of  the  Institution  and  the  convenience 
and  transaction  of  its  business. 

41  Sec.  7.  No  debt  shall  be  contracted  beyond  or  apart  from  the 
actual  means  at  the  disposal  of  the  Institution.  The  board  may  dis- 
pose of,  or  lease  any  property  donated  to  the  State  for  said  School, 
or  which  may  be  acquired  in  payment  of  debts  except  of  such  as  is 
necessary  for  the  accommodation  of  the  school.    *    *    »    »    " 

In  conformity  with  the  above  act,  the  Michigan  Mining  School 
was  first  opened  to  students  September  15,  1886,  and  has  been  made 
free  to  students  from  every  land.  All  are  received  on  the  same  con- 
ditions. 

Further,  the  school  has  never  contracted  any  debt  in  advance  of 
the  means  at  its  disposal,  and  has  all  its  property  clear. 

The  Board  assumes  general  oversight  over  all  expenses,  all  em- 
ployees of  the  Institution,  aud  all  its  general  interests;  the  Director 
has  general  charge  of  the  course  of  instruction,  change  of  electives, 
admission  of  students,  discipline,  general  absences,  etc. ;  while  each 
professor  and  instructor  has  sole  charge  of  his  rooms,  apparatus, 
classes,  the  instruction  given  in  his  department,  and  the  admission, 
retention,  passing,  or  disciplining  of  students  in  his  classes.  The 
heads  of  departments  are  made  responsible  to  the  Director  and  he  to 
the  Board,  while  the  subordinates  are  directly  responsible  to  the 
professor  in  charge  of  the  department  to  which  they  belong. 
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EMPLOYMENT. 


The  question  is  often  asked,  if  the  Michigan  Mining 
School  can  promise  employment  to  students,  on  graduation. 
The  only  answer  is,  that  neither  the  Mining  School  nor  any 
other  self-respecting  institution  can  make  any  such  promises. 
The  question  of  employment  depends  on  too  many  factors, 
to  be  promised  three  or  four  years  in  advance.  It  depends 
on  the  demand  and  the  supply,  which  are  liable  to  vary 
from  year  to  year;  and  it  also  very  largely  depends  on  a  stu- 
dent's "personal  equation." 

The  Miohigan  Mining  School  does  not  seek  to  attract  students 
through  holding  out  any  inducement  except  one,  i.  e.,  that  owing  to 
its  location,  to  its  specially  prepared  equipment,  and  its  distinctive 
purposes  it  can  give  an  education  that  is  practical  and  adapted  to 
assist  the  student  in  his  future  work.  It  endeavors  at  least  to  give 
him  more  in  a  shorter  number  of  years  and  at  a  less  expense  than  he 
will  obtain  elsewhere.  Its  principles  and  methods  are  original,  dis- 
tinct and  independent;  based  only  upon  its  location  and  its  object  of 
educating  persons  in  all  branches  of  knowledge  that  relate  to  the 
development  of  the  mineral  wealth  of  the  country — since  it  is  the 
only  institution  in  the  United  States  distinctively  devoted  to  that 
purpose.  It  tries  to  meet  the  spirit  and  needs  of  this  day  and  gene- 
ration. 

That  the  Mining  School  has  succeded  in  giving  an  education  that 
is  practically  available  for  "bread  winning"  purposes,  the  occupa- 
tions of  its  graduates  given  earlier  in  the  catalogue  is  sufficient  proof. 

The  law  of  supply  and  demand  will  apply  to  the  employment  of 
the  graduates  of  the  Mining  School  as  it  does  in  every  other  case. 
Prior  to  1893  the  demands  upon  the  Mining  School  was  greater  than 
it  had  suitable  men  to  supply,  and  so  far  as  now  known  all  its  grad- 
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nates  are  employed,  while  this  year  a  number  of  its  students  have  been 
engaged  prior  to  graduation. 

People  are  prone  to  forget  the  general  laws  of  Political  Economy, 
as  shown  in  periods  of  prosperity,  and  in  business  depressions  and 
panics.  The  student  is  apt  to  think  that  because  at  any  one  time 
there  is  a  depression  in  the  profession  he  is  proposing  to  follow,  that 
therefore  there  is  no  future  in  it;  overlooking  the  fact  that  such  de- 
pressions are  shown  by  history  to  be  incident  to  every  occupation, 
and  that  prosperity  follows  stagnation  as  surely  as  the  latter  will 
succeed  a  period  of  marked  business  activity.  The  cycle  may  be  for- 
mulated as  "a  state  of  quiescence,— next  improvement,— growing 
confidence,— prosperity, — excitement, — over-trading,— convulsion, — 
pressure,— stagnation,— distress,-  ending  again  in  quiescence",  when 
the  cycle  is  again  repeated.  Thus  it  follows,  that  a  pupil  entering 
upon  his  preparation  for  his  future  occupation  in  a  time  of  prosperity 
is  often  less  sure  of  employment  on  graduation  than  one  who  starts 
upon  this  preparation  during  a  time  of  distress. 

The  following  table  indicates  that  these  periods  of  depression  are 
not  confined  to  any  one  country  or  business,  political  party,  or  tariff, 
but  are  widespread,  if  not  universal— and  are  dependent  upon  some 
general  periodic  law  belonging  in  common  to  all  the  commercial 
nations  of  the  globe. 

DATES  OF  COMMERCIAL  CRISES.* 


PRANCE. 

ENGLAND. 

UNITED  STATES. 

1804 

1803 

1810 

1810 

1813-14 

1815 

1814 

1818 

1818 

1818 

1825 

1825 

1826 

1830 

1830 

1829-31 

1886-39 

1836-39 

1837-39 

1847 

1847 

1848 

1857 

1857 

1857 

1864 

1864-66 

1864 

1873 

1873 

1882 

1882 

1884 

1803 

1890-91 

1893 

*  A  Brief  History  of  Panics,  Juglar  and  Thorn,  pp.  19, 22. 
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The  periodic  time  is  variable,  but  latterly  it  appears  to  be  from 
eight  to  tea  years  in  length  roughly  divided  as  follows:  "Prosperity, 
for  five  to  seven  years;  panic,  a  few  months  to  a  few  years;  and 
liquidation  about  a  few  years."  The  past  three  panics  have  been 
followed  by  strikes  in  1877,  1885-86  and  1894,  that  greatly  retarded 
the  advancing  tide  of  prosperity.  The  natural  law  is  to  prepare  in 
dull  times  to  take  advantage  of  the  active  years,  and  this  applies  to 
mining  as  well  as  to  all  other  occupations. 

The  success  of  a  graduate  depends  very  much  upon  himself,  and  it 
is  evident  from  the  positions  occupied  by  the  graduates,  that  rarely 
if  ever  has  a  student's  capacity  been  misjudged  when  engaged  in  his 
undergraduate  work. 

The  most  forcible  law  deduced  from  the  career  of  the  Mining 
School  graduates  is  the  necessity  of  avoiding  catching  that  danger- 
ous and  almost  incurable  disease,  self-conceit,  which  renders 
worthless  so  large  a  proportion  of  mankind  for  employment  in  any 
capacity. 

Every  graduate  should  bear  in  mind  that  his  education  has  simply 
prepared  him  to  begin,  and  that  in  three  or  four  years  of  under- 
graduate study,  he  cannot  expect  to  master  work  that  takes  a  man's 
life  time.  He  should  be  humble  and  modest  and  above  all  remem- 
ber that  "he  that  humbleth  himself  shall  be  exalted"  if  he  has 
patience,  and  is  found  worthy  and  well  qualified.  More  than  one 
graduate  of  this  institution  has  found  his  progress  over  a  rough  and 
rugged  road,  and  has  met  with  numerous  obstructions  simply  and 
purely  on  account  of  his  unwillingness  or  inability  to  learn  the  above 
lesson,  and  not  on  account  of  any  deficiency  in  training  or  ability. 

A  thorough,  hard  working  student,  with  the  power  to  command 
the  respect  of  men,  to  manage  those  under  him,  and  to  work  har- 
moniously with  his  fellow  officers,  will  hardly  ever  fail  of  obtaining 
the  choicest  positions  that  are  open  to  him;  especially  after  having 
had  the  practical  work  and  experience  about  the  mines  that  the 
graduates  of  this  Bchool  have. 

Education  and  training  do  not  give  qualities  to  any  man;  they 
simply  sharpen  and  develop  those  natural  abilities  that  he  possesses; 
hence,  if  he  is  not  by  nature  fitted  for  a  certain  position,  he  ought 
not,  and  will  not  be  likely,  to  obtain  it.  On  the  other  hand,  what- 
ever may  be  a  man's  natural  abilities,  he  will  not  be  likely  to  obtain 
a  position  of  any  high  grade  unless  he  has  been  educated  for  it, 
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either  in  school  or  outside — the  outside  education  being  by  far  the 
most  expensive  kind  of  education,  both  for  him  and  his  employers, 
that  can  be  obtained. 

Slothful,  lazy,  careless,  dissipated  and  inefficient  students-  will 
not,  naturally,  obtain  places  as  readily  as  the  hard-working  ones, 
other  things  being  equal;  since  until  they  reform,  business  men  do 
not  wish  to  employ  them  and  do  not  trust  them.  They  certainly 
will  not  be  recommended  as  different  from  what  they  are  by  the 
Director  of  the  Mining  School,  since  a  man  who  cannot  be  trusted  to 
attend  faithfully  to  his  work  when  engaged  in  obtaining  his  profes- 
sional training,  is  not  one  in  whose  hands  it  is  safe  to  place  import- 
ant business  and  mining  interests,  for  obtaining  a  professional  train- 
ing in  this  institution,  is  an  entirely  different  affair  from  getting  the 
general  education  given  in  the  literary  departments  of  colleges  and 
universities. 

Students  should  remember  that  their  conduct,  from  the  day  they 
enter  the  Mining  School  until  they  leave  it,  has  an  all  important 
bearing  upon  their  future  position  and  standing,  and  the  past  history 
of  its  graduates  most  emphatically  proves  it. 

The  Director  of  the  Mining  School  makes  one  invariable  rule,  i.  e., 
that  all  persons  desiring  students  or  graduates  of  this  School  shall  be 
informed  of  the  defects,  as  well  as  of  the  virtues,  of  the  candidates, 
so  far  as  he  knows  them;  believing  that  such  a  course  is  the  only  one 
that  is  just  either  to  the  employer,  to  the  student,  or  to  the  School- 
When  information  is  fully  given  to  the  Director  concerning  the 
position  and  desired  qualities  of  the  person  to  fill  it,  pains  are  taken 
to  select  the  student  who  is  believed  to  be  the  most  suitable  party. 

In  order  to  secure  the  best  future  for  themselves,  students  are 
urged  to  neglect  no  opportunities,  beyond  those  afforded  by  the 
School,  to  inform  themselves  in  the  practical  work  of  mining. 

The  graduates  are  also  urged  to  turn  their  attention  to  a  field  in 
which  success  is  almost  sure,  to  men  of  ability  and  energy;  to  enter 
the  mines  or  works  as  laborers,  miners,  foremen,  or  in  some  other 
subordinate  capacity,  and  thoroughly  master  every  detail,  from  the 
lowest  to  the  highest  work,  since  only  men  who  have  had  this  ex- 
p  erience  are  apt  to  obtain  later  the  highest  positions.  There  is  a  great 
dearth  of  educated  men,  who  have  had  also  sufficient  practical  ex- 
perience, to  place  in  charge  of  the  important  mineral  interests  of  the 
country. 

14 
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It  is  men  who  have  had  a  thorough  education,  both  in  theoret- 
ical and  practical  mining,  and  who  have  worked  in  every  grade 
and  position,  that  are  sought  to  take  charge  of  our  mines  and 
their  allied  industries.  The  future  is  for  the  man  who  is  modest  and 
willing  to  commence  at  the  bottom  of  his  profession,  and  who  is  con- 
scious of  the  truth,  that  on  graduation  he  is  only  just  prepared  to 
begin  his  work. 

The  graduates  of  the  school  are  urged  to  keep  the  Director  con- 
stantly informed  concerning  their  positions,  salaries,  etc.,  and  also 
what  their  desires  are,  in  order  that  they  may  be  assisted  to  advance, 
if  opportunity  offers. 

While  the  Director  may  not  be  able  to  Berve  them,  yet  whenever 
the  time  comes  that  he  can  assist  them  he  must  have  the  information 
at  hand,  since  when  men  are  wanted,  they  are  desired  without  delay. 
Failure  to  keep  the  Director  properly  informed  has  cost  many  a 
graduate  the  loss  of  important  positions—*.  g.t  one  a  young  graduate 
lost  a  position  paying  $2,000  a  year  to  start  on,  simply  because  he 
had  neglected  to  give  his  new  address,  and  the  letters  and  telegrams 
sent  could  not  be  delivered.  The  Director  personally  considers  it  his 
duty  to  aid  every  graduate  when  he  can,  the  only  question  being  the 
fitness  of  that  graduate  for  the  position.  The  Director  has  no  time 
to  pay  attention  to  or  to  remember  the  past  piques  and  prejudices  of 
the  graduate,  whom  he  may  have  had  to  discipline  when  a  student 
—he  has  only  time  to  consider  the  commercial  aspect  of  the  case— is 
the  graduate  in  question  the  man  for  the  place?  The  character  and 
ability  of  the  man  and  not  any  personal  likes  or  dislikes  are  the 
points  to  which  the  Director  has  and  always  must  pay  his  attention. 

Officers  of  mines,  and  others,  desiring  surveyors,  engineers, 
draughtsmen,  foremen,  chemists,  assayers,  etc.,  are  requested  to 
make  their  wants  fully  known  to  the  Director  of  the  Mining  School, 
who  will  then  recommend  suitable  candidates  to  them,  if  he  knows 
of  any. 

The  inquiry  is  frequently  made  by  persons  intending  to  become 
students,  if  they  can  attend  to  their  school  work  and  earn  enough  to 
pay  their  way  at  the  same  time.  Such  a  course  is  not  practicable,  as 
the  regular  school  work,  if  it  is  done  as  it  should  be,  requires  the  en- 
tire available  time  of  any  student,  however  strong  and  able  he  may 
be.  As  a  special  student,  taking  only  a  few  studies,  one  might  be 
able  to  procure  work  to  pay  his  way.  The  location  of  the  school 
in  a  village,  however,  offers  but  little  of  the  irregular  work  that  a 


Employment.  211 

student  wishes  to  obtain.  The  better  way  for  the  needy  student  is 
either  to  attend  to  his  school  and  to  his  labor  in  alternate  years,  or 
else  to  borrow  the  means  to  continue  his  education,  repaying  through 
his  increased  earning  power  after  graduation. 

The  Mining  School  itself  has  more  or  less  assistantships,  that  are 
open  from  year  to  year,  which  properly  qualified  undergraduate  or 
graduate  students  can  avail  themselves  of  if  they  wish. 

Likewise  it  is  preferred  to  employ  the  graduates  of  this  School,  in 
preference  to  those  of  other  institutions,  in  the  various  instructor- 
ships,  since  a  man  trained  in  the  methods  employed  in  any  school,  is 
more  useful  in  subordinate  positions  in  that  school  at  first,  than  is 
one  ignorant  of  the  special  duties  required.  This  does  not  apply  to 
professorships  since  continued  "  inbreeding"  is  disastrous  to  any 
educational  institution. 

The  salaries  obtained  upon  graduation  have  been  from  about  $500 
to  $1,800,  averaging  about  $900  per  year.  The  lower  salaries  were 
obtained  by  students  who  had  less  practical  experience  with  men 
and  with  the  world  in  general;  these  were  obliged  to  spend  some 
time  in  acquiring  a  special  kind  of  knowledge  that  the  Mining 
School  cannot  give. 

So  far  as  known,  the  salaries  have  increased,  after  a  varied  time 
from  $900  to  even  $6,000  or  more  per  year.  All  this,  however,  is 
dependent  upon  the  demand  and  supply,  the  state  of  the  mining  in- 
dustries at  any  time,  and  upon  other  factors  too  numerous  to  be 
mentioned. 
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LOCATION    AND    ROUTES. 


The  State  of  Michigan  is  divided  by  the  three  great  lakes 
and  the  straits  of  Mackinaw  into  two  peninsulas,  both  of 
which  form  valuable  portions  of  the  State,  and  are  especially 
distinguished  for  their  productions. 

The  Lower  Peninsula  has  great  prominence  from  its  fruit, 
grain  and  other  agricultural  products,  its  lumber,  salt,  gyp- 
sum, coal,  building  stones,  etc. 

The  Upper  Peninsula  is  noted  for  its  production  of  copper, 
iron  ore,  building  stones,  and  lumber,  while  its  agricultural 
interests  are  rapidly  increasing. 

The  Lower  Peninsula  is  some  282  miles  in  extreme  length 
and  198  miles  in  width,  while  the  Upper  Peninsula  is  some 
347  miles  in  length  and  165  miles  in  width,  or  much  larger 
than  the  state  of  Massachusetts,  while  its  climate  is  much 
like  that  of  Maine. 

The  chief  mining  districts  in  the  Upper  Peninsula  are  known  as 
the  Marquette,  Menominee  and  Gogebic  Iron  Ranges,  and  the  Copper 
District. 

This  latter  has  three  distinct  divisions,  respectively  known  as  the 
Keweenaw,  Portage  Lake  and  Ontonagon  Districts. 

The  chief  cities  and  towns  of  the  Upper  Peninsula  are  Baraga, 
Bessemer,  Calumet,  Champion,  Crystal  Falls,  Escanaba,  Gladstone, 
Hancock,  Houghton,  Iron  Mountain,  Iron  River,  Iron  wood,  Ishpem- 
ing,  L'Anse,  Lake  Linden,  Laurium,  Manistique,  Menominee, 
Munising,  Negaunee,  Newberry,  Norway,  Ontonagon,  Red  Jacket, 
Republic,  St.  Ignace,  Sault  Ste.  Marie  and  Wakefield. 

The  Michigan  Mining  School  is  located  in  the  village  of  Houghton 
(Portage  township).    The  twin  villages  of  Houghton  and  Hancock  lie 
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in  the  sheltered  valley  of  Portage  Lake,  an  arm  of  Lake  Superior.  The 
climate  is  dry,  bracing  and  healthful.  Although  Houghton  is  in  a 
high  latitude,  yet  one  is  far  less  inconvenienced  by  the  cold  here  than 
he  is  much  further  south  along  the  Atlantic  coast,  or  in  the  immedi-  , 
ate  vicinity  of  the  great  lakes;  and  can  generally  wear  lighter  cloth- 
ing in  the  winter.  This  is  due  t  j  the  dryness  of  the  Houghton  climate, 
a  climate  which  is  free  from  malaria,  hay  fever,  etc.  In  general 
students  coming  from  localities  further  south,  even  from  Alabama, 
Mississippi,  Texas  and  Mexico,  have  found  health  and  strength  im- 
proved by  the  change.  The  town  has  an  abundant  supply  of  excel- 
lent and  pure  spring  water. 

Houghton  is  easily  reached  by  rail  from  Detroit,  Chicago,  Milwau- 
kee, St.  Paul,  Superior  and  Duluth;  and  by  steamer  from  all  the  im- 
portant ports  on  the  chain  of  the  great  lakes.  Within  the  State  half 
fare  rates  are  given  given  to  the  students  of  the  Mining  School  by 
the  Duluth,  South  Shore  &  Atlantic  Railway  and  its  associated  rail- 
roads. Application  for  a  permit  allowing  the  student  to  purchase 
half  fare  tickets  is  to  be  made  to  the  Director  a  week  or  more  be- 
fore the  student  has  occasion  for  its  first  use.  The  permit  once 
obtained  is  good  during  that  calendar  year,  if  the  party  remains  a 
student  in  the  school. 

Intending  students  frequently  inquire  concerning  the  routes  they 
can  take  to  reach  the  Mining  School  from  various  localities,  and 
special  information  is  here  given: 

By  rail  Houghton  is  distant  from  Ann  Arbor  582  miles,  Bessemer 
144  miles,  Calumet  14  miles,  Champion  64  miles,  Chicago  402  miles, 
Crystal  Falls,  147  miles,  Detroit  545  miles,  Duluth  279  miles,  Escan- 
aba  145  miles,  Hancock  1  mile,  Iron  Mountain  119  miles,  Iron  wood 
150  miles,  Ishpeming  80  miles,  Lake  Linden  10  miles,  Lansing  513 
miles,  Laurium  14  miles,  Manistique  231  miles,  Marquette  95  miles, 
Menominee  209  miles,  Milwaukee  327  miles,  Negaunee  83  miles,  New- 
berry 191  miles,  Ontonagon  118  miles,  Red  Jacket  15  miles,  Republic 
73  miles,  St.  Ignace  246  miles,  Sault  Ste.  Marie  250  miles,  and  Ypsi- 
lanti  575  miles. 

From  Detroit  one  travels  by  the  Michigan  Central  Railway  to 
Mackinaw  City,  via  Bay  City.  At  Mackinaw  City  the  cars  of  the 
Duluth,  South  Shore  &  Atlantic  Railway  are  taken  direct  to  Hough- 
ton. Time  from  Detroit  about  twenty-one  hours.  From  Sault  Ste. 
Marie,  the  Duluth,  South  Shore  &  Atlantic  Railway  carries  its  pas- 
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sengers  direct  to  Houghton,  time  about  thirteen  hours.  The  same 
railway  is  taken  from  Duluth  and  Superior  to  reach  the  Mining 
School.  Passengers  from  Chicago  and  Milwaukee  take  either  the 
Chicago,  Milwaukee  &  St.  Paul  Railway,  via  Champion;  or  the  Chi- 
cago &  Northwestern  Railway,  via  Negaunee  and  Ishpeming;  at 
which  places,  on  both  routes,  the  passengers  transfer  to  the  Duluth, 
South  Shore  &  Atlantic  Railway  for  Houghton.  Time  from  Chicago 
to  Houghton,  about  fifteen  hours. 

Students  desiring  to  reach  Houghton  by  boat,  can  take  the  steamers 
of  the  Lake  Michigan  and  Lake  Superior  Transportation  Company,  at 
Chicago  or  Milwaukee,  taking  about  three  days  from  Chicago. 
From  Buffalo,  Cleveland  and  Detroit,  one  can  take  the  steamers  of 
The  Western  Transit  Company,  The  Erie  and  Western  Trans- 
portation Company,  and  others.  Time  from  Buffalo  about  five  days, 
Cleveland  four  days,  and  Detroit  three  days. 

Any  of  these  lines  can  be  taken  from  Duluth. 

Special  information,  descriptive  pamphlets,  time  tables  and  rates 
can  be  obtained  from  the  General  Passenger  Agents  of  the  various 
companies  by  writing  to  their  respective  offices,  as  follows: 

Duluth,  South  Shore  &  Atlantic  Railway  Co.,  Marquette,  Michigan. 

Michigan  Central  Railway  Co.,  Chicago,  III.,  or  Detroit,  Mioh. 

Chicago,  Milwaukee  &  St  Paul  Railway  Co.,  Chicago,  III. 

Chicago  &  Northwestern  Railway  Co.,  Chicago,  111. 

The  Lake  Michigan  &  Lake  Superior  Transportation  Co.,  Rush 
and  North  Water  Streets,  Chicago,  III. 

The  Western  Transit  Co  ,  No.  47  Main  Street,  Buffalo,  N.  Y. 

The  Erie  &  Western  Transportation  Co.,  Atlantic  Dock,  Buffalo, 
N.  Y. 


Houghton  County  is  the  third  wealthiest  county  in  Michigan, 
being  surpassed  only  by  Wayne  (Detroit)  and  Kent  (Grand  Rapids) 
Counties;  and  has  an  assessed  valuation  of  $40,000,000.  The  popula- 
tion of  the  county,  with  itB  various  townships  and  villages,  is  here 
given  according  to  the  State  census  of  1894. 
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1890L  IM, 

Adams  Township, l  ,i»7r. 

Calumet       " 1:2,521!  lfl,7ffl* 

Chassell        "        080  093 

Duncan         "        08U  984 

Franklin       •«        :J,C87  2,6«5 

Hancock       44 3,737  4>JM5 

Laird            44        159  331 

Osceola         4t        8,330  4,713 

Portage        " &,$&!  3,417 

Quincy         44 1,41)0  1,400 

Schoolcraft  44        8,535  iiptt0& 

Torch  Lake  44        at904  3,055 

Total 35,3*9       45,30b 

Increase  in  3  years _ 10*009 

Increase  in  14  years ...   23,025 

Increase  in  40  yeare _._ J4,0Sl 

The  population  of  the  villages  is  as  follows: 

Atlantic  Mine „.™v,  1,675 

Calumet 3,193 

Chassell T_„.  554 

Crystal  Lake -  55 

Gregoryville ......  .^.  320 

Hancock lt608 

Houghton -   3,178 

Kenton - *  113 

Kitchie 75 

Lake  Linden ........  2M*1 

Mills'  Station ....  7«4 

Osceola .*....  1,51 1 

Oskar --- 

Perkinsville 830 

Quincy  Mill 

QuincyMine 1.460 

Red  Jacket —         ---  3. VTJ 

Sidnaw 

Tamarack  and  North  Tamarack 

Withey... --— 
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Within  a  radios  of  three  miles  some  8,000  inhabitants  are  located 
about  Houghton. 

The  Tillage  of  Houghton  is  the  county  seat,  has  many  wealthy  cit- 
izens, excellent  society,  and  is  the  residence  town  of  the  county; 
while  that  portion  in  which  the  Mining  School  is  situated  ■  the 
equal  in  beauty  to  any  New  England  town. 

The  accompanying  map  will  give  a  fair  idea  to  the  prospective 
student  of  the  location  of  the  Mining  School  and  the  adjacent  mines. 

While  the  School  itself  is  situated  in  the  Portage  Lake  copper  dis- 
trict, the  access  to  the  Keweenawan  copper  district  on  the  north  is 
easy;  and  there  lie  within  comparatively  short  distances  the  Ontona- 
gon copper  district,  and  the  iron  mining  ranges  of  Marquette,  Me- 
nominee and  Gogebic. 

In  the  immediate  vicinity  of  the  Mining  School  are  located  the 
Quincy,  Atlantic,  Franklin  and  Huron  copper  mines;  while  within 
a  radius  of  eleven  miles  are  situated  the  Calumet  and  Hecla,  Tama- 
rack, Osceola  and  other  copper  mines,  with  their  machine  shops, 
smelting  works,  rolling  and  stamp  mills,  etc.  In  the  iron  mining  re- 
gions lie  numerous  great  mines,  prominent  among  which  are  the 
Cleveland,  Jackson,  Lake  Superior,  Lake  Angeline,  Champion,  Re- 
public, Chapin,  Vulcan,  Cyclops,  Colby  and  Nome. 

The  Michigan  Mining  School  has  been  located  in  the  Upper  Penin- 
sula of  Michigan  for  the  same  reason  that  a  medical  school  should  be 
in  the  vicinity  of  large  hospitals,  in  order  that  it  shall  be  associated 
with  the  objects  about  which  it  treats. 

From  this  location  the  student  of  the  Michigan  Mining  School  is 
placed  in  a  mining  atmosphere,  in  which  all  his  surroundings  and 
associations  are  in  conformity  with  his  present  and  future  work.  He 
is  thus  enabled  to  see  in  actual  operation  some  of  the  most  successful 
and  extensive  mining  operations  now  conducted  anywhere. 
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In  order  that  some  idea  can  be  iutelligently  given  concern- 
ing the  location  of  the  Michigan  Mining  School  there  are  here 
collected  some  statistics  concerning  the  country  at  large  and 
that  of  Michigan  in  particular. 

Owing  to  the  Lake  Superior  basin  being  a  unit  in  its  mineral 
wealth  and  geological  structure,  it  becomes  very  difficult  to  obtain 
statistics,  that  shall  be  separated  by  the  state  boundaries,  so,  in  part, 
the  productions  of  Northern  Michigan,  Wisconsin  and  Minnesota 
have  to  be  considered  together. 

This  causes  the  prolongation  of  the  Gogebic  range  into  Wisconsin 
to  naturally  fall  with  its  component  part  in  Michigan;  and  like 
manner  the  Vermilion  and  Mesabi  ranges  belong  to  the  Lake  Supe- 
rior district  and  shipments. 

There  will  first  be  given  some  general  statistics  regarding  the  min- 
eral productions  of  the  United  States  followed  by  a  more  specific 
description  of  the  mining  industries  in  the  Upper  Peninsula. 

This  material  is  gathered  in  part  from  the  publications  of  the 
United  States  Census  and  Geological  Survey  reports,  part  from  the 
Director's  past  publications,  including  the  last  catalogue  of  this  insti- 
tution, but  chiefly  from  manuscript  kindly  provided  by  Hon.  George 
A.  Newett,  the  present  able  Commissioner  of  Mineral  Statistics  for 
Michigan,  or  taken  from  his  very  valuable  report  for  1895. 

TOTAL  MINERAL  PRODUCTION.    UNITED  STATES. 

1880 $360,319,000 

1881 386,175,552 

1882 435,895,259 

1883 434,241,073 

1884 395,489,105 

1885 „ „ 409,398,680 
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1886 445,786,594 

1888 540,839,436 

1889 »550,827,866 

1890 619,506,161 

1891 682,988,969 

1893 1 648,616,954 

1893 574,301,80? 

1694 537,655,562 

MINERAL  PRODUCTION  OF  MICHIGAN. 

1889 $70,880,534 

The  States  nearest  are 

Pennsylvania,  1889 $150,876,649 

Colorado,  1889 41,126,610 

Montana,  1889...  33,737,775 

Ohio,  1889 26,653,439 

WORLD'S  PRODUCTION  OF  IRON  ORE,   1893. 

UnitedStates 16,800.000  tons. 

Germany  and  Luxemburg 1 1.400,000  tons. 

Great  Britain 11,850,000  tons. 

Spain 5,850,000  tons. 

France 3,650,000  tons. 

Austro-Hungary 2,000,000  tons. 

Russian  Empire 1,500,000  tons. 

Chinese  Empire 1,500,000  tons. 

Sweden 1,300,000  tons. 

Other  Countries 3,800,000  tons. 


Total 57,050,000  tons. 

~*~U.  S.  census  gives  $587,830,668. 
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GOLD  MINING. 

Production,  California,  1889, $12,586,723  00 

"  Colorado,      "     3,883,869  00 

SILVER  MINING. 

Production,  Colorado,  1889,  Coining  Value .,.. $23,757,751  00 
Montana,'     "  "  "     ...17,468,960  00 

Utah.  •«  "  "     ...     9,057,014  00 

GOLD  AND  SILVER  (Combined)  MINING. 

Expenditures,  Colorado,  1889, $13,834,332  00 

California,41.    12,506,555  00 

Montana,      "     > 9,259,657  00 

Nevada,        '«     8,254,755  00 

Wages,  Colorado,  1889, 9,339,875  00 

California,*1     9,191,500  00 

Montana,    "     5,881,500  00 

Nevada,       "     3,522,280  00 

Total  Horse  Power  of  all  Engines  in  1889  employed  in  Gold  and 
Silver  Mining,  United  States,  55,122. 

COPPER  MINING. 

Expenditures,  Michigan,  1889, $7,478,828  00 

Montana,      "     3,204,455  00 

Wages,  Michigan,  1889, 3,174,363  00 

Montana,     " 2,010,940  00 

HORSE  POWER  OF  ENGINES,  COPPER  MINING. 

Michigan,  1889 29,545  horse  power. 

Montana,     "    3,530  horse  power. 

In  1896  the  Calumet  and  Hecla  Co.  and  the  Tamarack  and  Osceola 
Co.  alone  have  60,000  horse  power:  Calumet  and  Hecla  Co.,  40,000, 
Tamarack  and  Osceola  Co.,  20,000. 

CAPITAL  INVESTED,  COPPER  MINING. 

Michigan,  1889 $33,111,253  00 

Montana,      tl   23,395,000  00 
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LARGEST  AMOUNTS  OF  DIVIDENDS  PAID  BY  MINES 
ACTIVE  AT  PRESENT  TIME. 

Calumet  and  Hecla,  Michigan 944,850,000  00 

Belcher  (SiWer-Gold).  Nevada 15,887,800  00 

Ontario  (Silver-Lead),  Utah 18,175,000  00 

Granite  Mountain  (Silver),  Montana 12,120.000  00 

Qaincy  (Copper),  Michigan 7,020,000  00 

Total  dividends  paid  bj  the  copper  mines  of   Michigan, 
$68,460,875. 
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COPPER  DISTRICT. 

PORTAGE  LAKE  DIVI8ION. 

This  division  is  the  principal  copper  producing  district  of 

Michigan,  and  its  territory  is  embraced  in  the  map  which  is 

given  in  this  catalogue  and  shows  the  location  of  the  Michi-  ~ 

gan  Mining  School  in  its  midst.  * 

w 
Calumet  and  Hecla  Mine.  • 

This  famous  mine  has  as  its  lode  an  old  sea  beach  conglomerate  — 

which  is  underlaid  by  a  lava  flow,  as  well  as  overlaid  by  one;  and  x 

the  copper  has  been  chemically  deposited  within  this  conglomerate  *£J 

by  the  percolating  waters  long  subsequent  to  its  formation,  and  after  \^ 

it  was  deeply  buried  under  successive  lava  flows.  Although  many 
speak  of  the  Calumet  vein,  neither  that  mine  nor  any  other  in  the 
Portage  Lake  division  is  worked  upon  a  vein  or  on  anything  that  in 
the  slightest  degree  approaches  a  vein  in  its  character.  All  are  bed 
mines — part  conglomerate  beds,  part  lava  flows  forming  beds.  The 
bed  of  the  Calumet  lode  is  inclined  at  an  angle  of  about  89  degrees  to 
the  northwest,  and  averages  about  16  feet  in  width. 

From  6  to  30  pounds  of  copper  are  obtained  from  a  ton  of  the  sea 
beach  rock,  averaging  about  9  pounds  to  the  ton. 

This  mine  has  the  largest  machinery  and  the  deepest  shafts  of  any 
mine  in  the  world.* 

Beginning  on  the  shore  of  Lake  Superior,  there  are  the  Lake  Su- 
perior Water  Works,  Pump  House,  and  Boiler  House,  containing  one 
Worthington  high  pressure  compound  condensing  pump  with  cylin- 
ders of  19  1-4  inches  and  33  3-8  by  24  inches,  and  plungers  9  by  24 
inches. 

Two  spare  Worthington  pumps  with  cylinders  10  by  18  inches,  and 
two  boilers  64  inches  diameter  by  17  feet  long,  of  300  horse  power, 

*The  following  is  mainly  condensed  from  President  Agasskto 
Report  for  1893,  with  some  later  additions. 
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and  one  locomotive  boiler  54  inches  diameter,  of  100  horse  power.  N 
When  fully  equipped,  the  capacity  of  theje  works  will  be  2,000,000 
gallons  a  day.  The  water  is  taken  from  a  pipe  18  inches  in  diameter, 
and  extending  1,200  feet  into  Lake  Superior.  It  is  pumped  through 
a  12-inch  wrought-iron  pipe  line  4}  miles  in  length,  to  an  altitude  of 
more  than  700  feet,  to  the  mine,  where  it  is  distributed  over  the 
whole  location.  A  new  water  tower  that  will  contain  520,000  gallons 
is  in  the  course  of  construction. 

The  real  estate  of  the  Company  consists  of  2,599  25-100  acres  of 
mineral  land  in  Houghton  county,  and  20,352  85-100  acres  of  timber 
lands  in  Keweenaw,  Houghton  and  Ontonagon  counties.  At  the 
Stamp  Mill  there  are  988  19-100  acres. 

There  are  698  houses  belonging  to  the  Company,  of  which  570  are 
on  the  mine  location,  106  at  the  lake,  and  22  at  the  Smelting  Works. 
On  leased  lots  the  men  own  782  houses  at  the  mine,  and  159  at  the 
lake,  while  the  Company  employs  some  3,456  men. 

There  are  20  churches  on  the  property  of  the  company,  the  greater 
number  of  which  have  been  materially  assisted  by  the  Company  at 
some  time  in  their  history* 

There  are,  on  land  of  the  Company,  six  schools  at  the  mine  and 
lake,  built  partly  at  the  cost  of  the  Company  and  partly  by  the 
school  district    The  Company  also  owns  a  hotel. 

There  are  at  the  mine,  for  cutting  sets  of  timber  used  under- 
ground, a  timber  building,  a  large  machine  shop  225  by  250  feet, 
with  a  full  complement  of  tools.  Also  at  the  mine  three  black- 
smith's shops,  two  warehouses,  two  carpenter  shops,  and  a  paint 
shop. 

The  Calumet  Engine  House  is  a  building  of  brick  and  stone,  146 
by  62  feet.  It  contains:  The  compound  engine  "Superior,"  with 
cylinders  of  40  inches,  and  70  by  72  inch  stroke,  of  4,700  horse  power; 
the  Corliss  engine  "  Rockland/'  used  as  a  spare,  of  600  horse  power; 
the  Leavitt  engine  "Baraga,*'  40  by  60  inches,  also  a  spare,  of  2,000 
horse  power;  one  pair  32  by  48  inch  Hand  Compressors,  with  a 
capacity  of  26  air  drills;  and  one  pair  36  by  60  inch  Rand  Compress- 
ors, with  a  capacity  of  41  air  drills.  There  are  four  drums  20  feet 
6)  inches  in  diameter  by  8  feet  4  inches  face,  to  hoist  from  a  depth 
of  4,000  feet  from  shafts  Nos.  2,  4  and  5  Calumet,  and  No.  8  Hecla. 
By  winding  over  and  not  increasing  the  load  a  depth  of  6,000  feet 
may  be  reached. 

15 
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The  Boiler  House  is  of*stone  77  by  60  feet.  It  contains  five  boilers, 
two  of  84  inches  in  diameter  by  85  feet  long,  made  by  Kendall  and 
Roberts;  three  of  90  inches  diameter  by  84  feet  6  5-8  inches  long, 
made  by  the  Dickson  Manufacturing  Company,  the  Southwark 
Foundry,  and  the  I.  P.  Morris  Company;  total  horse  power,  3,780. 
The  stack  is  5  feet  6  inches  internal  diameter,  and  160  feet  high. 

The  Hecla  Engine  House  is  a  brick  building  80  by  47  feet,  with  an 
ell  44  by  17  feet  5  inches,  and  contains  the  compound  engine  "Fron- 
tenac,"  27  8-4  and  48  by  72  inches,  of  2,000  horse  power;  the  Corliss 
engine  °'La  Salle,"  80  by  72  inches,  used  as  a  spare,  of  900  horse  pow- 
er; and  the  Corliss  engine  "Perrot,"  80  by  48  inches,  also  a  spare  en- 
gine, of  600  horse  power;  in  addition,  the  two  pair  of  compressors, 
water  plunger  type,  42  by  60  inches,  with  a  capacity  of  144  air  drills, 
72  drills  for  each  set;  one  pair  of  Rand  Compressors,  28  by  48  inches, 
of  a  capacity  of  81  air  drills. 

The  Boiler  House  is  of  brick,  80  by  58  feet,  and  contains  three  boil- 
ers made  by  Kendall  and  Roberts,  84  inches  by  82  feet  10  8-4  inches, 
and  two  boilers  made  by  the  Dickson  Manufacturing  Co.,  90  inches 
by  84  feet  4  inches,  with  a  total  of  1,690  horse  power.  The  brick  stack 
is  4  feet  6  inches  inside  diameter  and  120  feet  high. 

On  the  Hecla,  another  Hoisting  Engine  and  Boiler  House  contains 
the  triple  expansion  hoisting  engines  •  'Gratiot, "  "Houghton,"  and 
"Seneca,"  of  2,000  horse  power  each,  having  cylinders  18  and  27  3-4 
inches,  and  48  by  90  inches,  fitted  with  conical  hoisting  drums  to 
reach  a  depth  of  5,500  feet.  The  engine  house  is  of  stone,  112  by  78 
feet.  The  boiler  house  of  the  same  material,  is  76  by  68  feet.  There 
are  five  boilers,  of  505  horse  power  each,  90  inches  in  diameter  by  34 
feet  6  inches  long,  built  by  the  Dickson  Manufacturing  Company  of 
Scran  ton,  Penn.,  and  the  I.  P.  Morris  Co.,  of  Philadelphia,  Penn. 
The  brick  stack  is  9  feet  4  inches  inside  diameter,  and  200  feet  high. 

The  Engine  House  for  Hecla  shafts  Nos.  7  and  8  contains  the  triple- 
expansion  engines  "Hancock"  and  "Pewabic,"  each  of  2,000  horse- 
power; each  operating  by  spur  gearing  its  own  drum,  which  is  2*5 
feet  in  diameter  by  8  feet  2  7-8  inches  face,  having  a  rope  capacity  of 
5,500  feet,  of  1  3-8  inch  diameter.  The  cylinders  are  20 1-8  and  81  8-4 
inches  and  50  by  48  inches.  The  maximum  speed  is  92  revolutions 
per  minute,  which  is  8  8-4  revolutions  to  one  of  the  drums.  The 
house  is  122  feet  long,  and  50  feet  wide;  it  is  built  of  stone. 

The  Boiler  House  will  eventually  hold  ten  boilers;  it  now  contain 
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three.  They  are  90  inches  in  diameter  by  34  feet  6  inches  long,  and 
505  horse  power  each.  The  house  is  150  feet  long  and  65  feet  wide. 
The  stack  is  12  feet  6  inches  inside  diameter,  and  250  feet  high. 

Shafts  Nos.  9  and  10  Hecla,  are  operated  from  a  Hoisting  Engine 
House  built  of  stone,  75  by  46  feet.  It  contains  two  conipou  ml  hoiat- 
ing  engines,  the  "  Detroit"  and  "  Onota,"  of  1,000  horse  power  com- 
bined, having  cylinders  18  and  82  by  48  inches  stroke,  built  by  George 
H.  Corliss.  These  engines  drive  by  spur  gearing  two  hoist  i  i  i  g  ■  J  r  u  m  s , 
formerly  located  at  the  Superior  Engine  House,  each  20 feet  in  diam- 
eter by  8  feet  4  inches  face,  and  will  wind  4,000  feet  of  1±  Inch  rope. 
The  drums  make  one  revolution  for  every  three  revolutions  of  the 
engine. 

In  the  Hoisting  Engine  House  operating  shafts  Nos.  11  and  12 
Hecla,  there  is  a  pair  of  Woodruff  and  Beach  engines  built  in  1869, 
of  20  inches  diameter  by  48  inches  stroke,  with  two  drums  of  8  feet 
diameter  and  6  feet  face.  As  one  of  the  man-shaft  engines,  in  used 
a  vertical  engine  26  inches  in  diameter  by  36  inch  stroke  built  in 
1867. 

The  company  has  eight  new  shaft-rock  houses,  extending  from  Cal- 
umet No.  5  to  Hecla  No.  12,  a  total  length  on  the  surface  of  9,000 
feet;  the  copper  shute  having  in  all  a  length  of  something  over  two 
miles  underground,  say  10,680  feet.  There  are  eight  b haft-rock 
houses  at  Hecla  and  at  Calumet  shafts,  each  containing  a  Westing- 
house  driving  engine  of  60  horse  power,  and  two  "  Blake  "  crushers; 
each  rock  house  with  a  bin  capacity  of  about  1,500  tons.  Both  at 
No.  5  Calumet  and  at  No.  4  Hecla,  there  is  a  fan  for  underground 
ventilation;  these  are  30  feet  in  diameter,  with  a  capacity  of  about 
100,000  cubic  feet  per  minute.  There  are  man-hoist  building  at  five 
of  the  Hecla  and  three  of  the  Calumet  shafts;  each  contain i  a  pair  ©1 
engines  and  drum,  used  only  for  taking  men  up  and  down,  Twenty- 
eight  men  can  ride  on  one  of  the  cars;  they  are  especially  constructed 
for  that  use.  Three  of  the  houses  contain  each  a  pair  of  30  by  30 
inch  engines,  with  drums  to  wind  4,000  feet  of  1±  inch  rope;  the  oth- 
er five  houses,  one  pair  of  engines  20  by  36  inches,  with  drums  to 
wind  6,000  feet  of  1 J  inch  rope. 

The  Electric  Light  and  Power  House  is  built  of  stone,  74  by  74 
feet;  it  contains  a  Porter- Allen  engine,  18  inches  in  diameter  by  3fl 
inch  stroke,  of  400  horse  power.  A  Westinghouse  compou  ml  engine 
23  and  40  by  20  inches,  and  740  horse  power,  will  be  installs  I  in  this 
house. 
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There  are  two  electric  light  dynamos  for  1,000  sixteen  candle 
power  lights  each;  three  Brush  arc-light  dynamos  for  74  lights; 
five  Brush  generators  120  horse  power  each,  with  electric  lines 
leading  to  the  principal  buildings,  and  to  the  three  underground 
electric  pumps  at  the  Hecla  end.  Each  pump  has  three  double 
acting  plungers  5%  inches  in  diameter  by  18  inch  stroke,  to  run 
50  revolutions  per  minute.  A.t  the  Calumet  end  in  No.  4  shaft*  there 
are  to  be  five  electric  pumps,  each  with  three  double  acting  plungers 
5%  inches  in  diameter  by  18  inch  stroke,  to  run  50  revolutions  per 
minute.  These  pumps  are  placed  800  feet  apart,  having  a  vertical 
lift  of  600  feet;  the  pump  column  js  8  inches  in  diameter.  The  com- 
pany has  at  Calumet  Nos.  4  and  5  shafts  two  spare  steam  Worthing - 
ton  pumps,  with  cylinders  10  and  18  inches  by  18  inches,  of  a  capa- 
city of  over  500,000  gallons  per  24  hours. 

The  six-compartment  Whiting  Shaft  has  reached  a  depth  of  4,900 
feet.  It  intersected  the  Calumet  lode  at  a  depth  of  8,300  feet,  and 
will  reach  the  bottom  of  the  Company's  territory  at  a  depth  of  5,000 
feet 

It  is  equipped  with  a  sinking-engine  house  of  stone,  69  by  86  feet, 
containing  a  pair  of  horizontal  tandem  Corliss  engines,  with 
cylinders  16  and  32  inches  in  diameter  by  48  inch  stroke,  with  tail- 
rope  house,  and  has  the  Whiting  drum  system. 

The  main  hoisting-engine  house,  built  of  stone,  220  by  70  feet,  con- 
tains two  pair  of  triple  expansion  engines,  of  3000  horse  power  per 
pair,  having  cylinders  20 J  by  31%,  and  50  inches  in  diameter  by  72 
inch  stroke,  to  run  60  revolutions  per  minute,  and  fitted  with  the 
Whiting  drum  system,  arranged  to  hoist  ten  tons  per  load,  at  a  speed 
of  60  feet  per  second.  The  tail  house  for  the  fleet  gear  is  412  by  32 
feet,  and  is  placed  on  the  north  end  of  the  engine  house.  The  sheave 
house  is  placed  at  the  south  end;  it  is  43  by  32  feet.  These  engines 
are  calculated  to  hoist  from  a  maximum  vertical  depth  of  5000  feet. 

The  Boiler  House  is  built  of  stone,  150  by  68  feet  and  will  contain 
ten  boilers,  each  90  inches  in  diameter  by  34  feet  6  inches  long, 
and  adopted  to  a  working  pressure  of  185  pounds,  at  which  they  will 
each  furnish  steam  for  1,000  horse  power.  There  are  at  present  six 
boilers  in  the  house.  The  stack  is  of  brick,  12J  feet  inside  diameter 
and  250  feet  high. 

The  water  used  by  the  condensing  engine  is  supplied  from  the 
Calumet  Pond  Water  Works,  where  the  Company  has  a  main  pond 
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of  a  capacity  of  60,000,000  gallons  at  five  feet  depth,  and  an  auxiliary 
pond  of  a  capacity  of  30,000,000-  gallons,  at  2i  feet;  both  pond*  are, 
when  filled,  of  a  capacity  of  say  100,000,000  gallons. 

The  Water  Works  Building  consists  of  an  engine  and  boiler 
house  of  brick,  100  by  45  feet;  it  contains  a  Leavitt  pumping  en- 
gine of  a  capacity  of  5,000,000  gallons  per  day,  steam  cylinders 
llf  inches,  and  plungers  17  by  24  inches.  In  addition,  there  are 
two  Worthington  puraping-engines,  of  a  capacity  of  14,000,00(1 
gallons  per  day;  one  pump  with  steam  cylinders  14  and  34  by  38 
inches,  and  20  by  86  inch  plungers,  of  a  capacity  of  4,000,000  gallons; 
and  two  others  with  steam  cylinders  21  and  42  by  36  inches,  and  2d 
by  36  inch  plungers,  of  a  capacity  of  10,000,000  gallons,  The  boiler 
house  contains  three  boilers,  Kendall  &  Roberts  make,  of  003  hone 
power,  two  of  54  inches  by  26  feet  10  inches;  and  one  of  #4  inches  by 
35  feet.  A  pipe-line  16  and  24  inches  in  diameter,  runs  to  the 
Superior  Engine  House,  and  from  t^ere  north  and  south  along  the  line 
of  the  lode. 

The  length  of  all  the  shafts  sunk  below  the  average  level  of  the 
stopes  is  over  two  miles,  and  the  length  of  all  the  drifts  run  below 
the  average  level  of  the  stopes  is  13  6-10  miles. 

At  Lake  Linden  are  located  the  Stamp  Mills,  the  Calumet  Mill 
containing  eleven  Leavitt  heads  with  steam  cylinders  of  14  and  21 * 
by  24  inches  stroke,  with  a  complete  equipment  of  washers,  Hunt- 
ington and  Hieberle  grinding  mills,  and  slime  tables. 

As  spare  power,  the  Company  has  a  Westinghouse  driving-engine 
of  200  hone  power.  At  the  Hecla  Stamp  Mill  an  addition  has  been 
made  of  four  heads,  which  gives  eleven  Leavitt  heads,  with  steam 
cylinden  14  and  21£  by  24  inch  stroke,  and  an  equipment  similar  to 
that  of  the  Calumet  mill.  The  Company  is  placing  solid  anvils 
under  all  the  stamps. 

The  Stamp  Mills  and  Water  Works  Boiler  House  contains  eleven 
boilen,  four  of  80  inches  diameter  by  32  feet  long,  and  neven  of  90 
inches  diameter  by  34  four  feet  6  inches  long,  made  by  Kendalls 
Roberts,  the  Dickson  Manufacturing  Company,  the  South wark 
Foundry,  and  the  I.  P.  Morris  Co.,  aggregating  4,730  horse  power, 
commercial  st  indard.  In  1895  an  addition  of  160x70  feet  has  been 
made  to  the  boiler  house,  and  two  brick  stacks  erected ,  one  1 4  feef 
diameter  by  250  feet  high  and  the  other  12  feet  diameter  by  ]&>  feet 
high. 
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Torch  Lake  Water  Works,  which  supply  the  Stamp  Mills,  consist 
of  the  triple-expansion  pumping  engine  "  Michigan,**  of  a  capacity 
of  60,000,000  gallons  daily,  with  the  following  engines  as  spare 
pumps:  The  compound  pumping  engine  "  Erie,**  with  a  capacity  of 
10,000,000  gallons  daily;  the  compound  pumping  engine  "  Ontario,** 
with  a  capacity  of  20,000,000  gallons  daily;  the  geared  pumping 
engine  "  Huron,*'  with  a  capacity  of  20,000,000  gallons  daily. 

The  compound  driving  engine  "  Wabeek,**  22}  and  38  by  60  inch 
stroke,  of  728  horse  power,  operates  the  washing  machinery,  the 
stamp  steam-valve  gear,  and  the  sand  wheels,  by  means  of  wire  rope 
transmission.  The  stamped  sand  is  distributed  by  four  sand  wheels; 
the  Calumet  40-foot  sand  wheel,  with  a  capacity  of  18,000.000  gal- 
lons, and  of  1,600  tons  of  sand;  the  Calumet  50-foot  sand  wheel,  with 
a  capacity  of  80,000,000  gallons  and  of  3,000  tons  of  sand.  As  a  spare 
engine  for  the  Calumet  wheel,  the  Company  has  a  high-pressure 
engine  24  by  48  inch  stroke,  of  250  horse  power.  The  Hecla  40-  and 
50-foot  sand  wheels  have  the  same  capacity  as  the  Calumet  sand 
wheels  of  the  same  dimensions.  The  spare  engine  for  the  Hecla 
wheels  is  a  duplicate  of  the  Calumet. 

'A  new  stone  building  in  which  an  electric  plant  has  recently  been 
installed  has  been  completed.  There  are  three  arc  dynamos,  Brush, 
each  having  a  capacity  of  thirty  2,000  candle-power  lights,  and  two 
Thompson  Houston  dynamos,  incandescent,  of  similar  power.  These 
are  driven  by  a  Lake  Erie  Engine  Works  triple-expansion  engine  7£, 
12  and  19-inch.  In  this  same  building  is  an  artesian  well  15  inches 
in  diameter  by  1,500  feet  deep,  which  has  recently  been  finished, 
making  two  at  the  mills.  This  provides  water  for  the  boilers.  An 
air  pipe  is  sent  down  the  well  to  a  distance  of  200  feet,  a  little  arti- 
ficial assistance  being  necessary  to  send  the  water  to  surface.  A 
tank  located  on  the  hill  just  back  of  the  mill  holds  one  million  gal- 
lons of  water,  and  gives  a  pressure  at  the  mill  of  150  lbs.  per  square 
inch.  From  these  two  wells  500,000  gallons  of  water  are  drawn 
daily. 

The  horse  power  of  the  boilers  at  the  mine,  commercial  standard, 
is  13,765;  the  horse  power  of  the  boilers  at  the  Lake  Superior  Water 
Works  is  400;  the  horse  power  of  the  boilers  at  the  Stamp  Mills  is 
6,235;  the  horse  power  of  the  boilers  now  building  is  2,022;  and  the 
total  horse  power,  commercial  standard,  is  22,422.  The  aggregate 
horse  power  which  can  be  developed  by  the  engines  belonging  to  the 

'ompany  is  40,000. 
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The  Smelting  Works  at  Torch  Lake  occupy  nearly  thirty  acres; 
they  are  connected  with  the  Stamp  Mills  by  a  short  line  of  railway, 
over  which  the  mineral  trains  handle  the  daily  product,  which  is 
there  stored  in  the  mineral  houses. 

The  plant  consists  of  four  stone  furnace  buildings  80  by  130  feet 
each,  with  four  furnaces,  boshes,  cranes,  and  all  the  ordinary  equip- 
ment; one  blister  furnace  building,  of  stone,  50  by  70  feet,  with  two 
furnaces;  one  cupola  building  containing  two  furnaces,  with  the 
necessary  engines,  blowers  and  boilers;  machinists'  and  blacksmiths' 
outfits,  electric  light  plant,  etc.  Mineral  building  No.  1  has  a  bin 
capacity  of  2,000  tons,  and  mineral  building  No.  2  and  its  addition 
has  a  capacity  of  about  9,000  ton 9;  and  there  are  two  wharves  of  a 
length  of  over  1,000  feet,  with  the  necessary  hoisting  apparatus  for 
coal  and  limestone. 

Tamarack  Mine.* 

This  is  second  only  to  the  Calumet  and  Hecla,  in  the  extent  of  its 
operations,  and  takes  a  second  place  to  none  other  in  the  enterprise 
and  skill  displayed  in  the  conducting  of  its  mining  and  milling 
affairs.  The  company  owns  29  forties  in  sections  10,  11,  12,  and  15, 
these  all  being  favored  with  the  Calumet  conglomerate  lode,  It  is 
upon  the  latter  that  operations  have  thus  far  been  principally  con- 
fined by  the  company  working  upon  an  extension  of  the  dip  of 
the  lode  from  a  point  where  it  leaves  the  western  boundary  of  the 
Calumet  and  Hecla's  property. 

No.  1  shaft  is  located  at  the  southeast  corner  of  the  company's 
property,  and  close  to  the  south  and  west  line  of  the  Calumet  and 
Hecla's  lands,  the  latter  surrounding  this  forty  on  three  sides. 

Like  all  the  shafts  of  the  company,  No.  1  is  vertical.  It  is  to  the 
18th  level,  3,284  feet  from  the  surface. 

No.  2  shaft  is  about  600  feet  north  of  No.  1  and  is  to  the  23d  level, 
having  been  sunk  from  the  19th  in  1895.  The  crosscut  connecting 
with  the  lode  is  now  just  about  completed,  February  18,  1896.  The 
lode  having  an  inclination  to  the  northwest  of  about  88  degrees,  and 
the  shaft  being  vertical,  each  added  level  finds  the  crosscuts  connect' 
ing  shaft  and  lode  growing  longer,  so  that  at  the  22d  the  distance  is 
about  1,300  feet.  Nos.  1  and  2  are  8-compartment  shafts,  two  cage- 
ways  and  a  timber  way. 

♦The  following  is  largely  condensed  and  rearranged  from  Mr. 
Geo.  A.  Newett's  report  and  manuscript. 
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No.  3  is  north  of  No.  2  something  like  4,200  feet,  being  located  on 
section  11,  and  struck  the  lode  on  August  5,  1894,  at  a  depth  from 
surface  of  4,185  feet. 

The  lode  is  very  wide,  something  like  22  feet,  nearly  twice  as  thick 
as  the  conglomerate  generally  is. 

No.  4  shaft  is  located  about  700  feet  north  of  No  3,  reached  the 
lode  January  9,  1895,  at  a  depth  of  4,393  feet 

No.  5  shaft,  the  new  one,  has  been  located  3,300  feet  south  of  No. 
4.  The  work  of  clearing  the  ground,  preparatory  to  beginning  the 
sinking,  was  commenced  on  the  11th  of  August,  1895. 

The  company  has  erected  a  substantial  shaft  house,  an  engine  and 
compressor  house,  and  has  installed  hoisting  and  compressing  ma- 
chinery. 

The  shaft's  dimensions  are  27  ft.  5  in.  x  7  ft.  2  in.,  and  will  contain 
five  compartments,  four  cage-ways  and  a  ladder  and  pipe  way. 
It  is  expected  it  will  strike  the  lode  at  a  depth  of  about  4,600  feet. 

In  the  sinking  of  the  deep  shafts  Noe.  3  and  4,  not  a  man  was  in- 
jured,  which  is  a  remarkable  record  considering  that  about  9,000 
feet  of  sinking  was  done.  It  is  the  desire  to  sink  No.  5  shaft  at  the 
rate  of  100  feet  per  month. 

At  No.  8  shaft  there  are  horizontal  duplex  engines,  34x48  inches, 
connected  to  a  conical  drum  12  feet  at  smallest  diameter,  30  feet  at 
largest,  having  a  possible  wind  of  7,000  feet  of  rope.  At  places  in 
the  shaft  the  cages  attain  a  maximum  speed  of  4,000  feet  per  min- 
ute. The  cages  at  the  different  shafts  are  worked  in  balance.  There 
is  a  fine  new  shaft  and  rock  house  at  No.  3  that  is  conveniently 
arranged.  There  are  breakers  18x24  inches,  and  the  second  size  are 
15x20  inches.  There  are  also  steam  hammers  for  reducing  extra  large 
pieces  so  as  to  prepare  them  for  the  crushers.  By  their  use  something 
is  saved  in  block  holing  the  large  pieces  in  the  mine.  Electric  lights 
have  been  put  in,  and  water  mains  extended  to  this  portion  of  the 
mine. 

No.  2  shaft  has  direct-acting,  double  engines,  42x48  inch  cylinders. 
Drum  has  16-foot  face  and  is  36  feet  6  inches  in  diameter.  Each  shaft 
has  two  hoisting  engines,  one  for  rock  and  men,  and  an  auxiliary  for 
handling  timber,  tools  and  men. 

During  the  past  few  months  small  engines  operated  by  air  have 
been  located  on  the  19th  level  to  tram  the  cars  to  and  from  the  shaft. 

These  are  placed  in  the  cross-cuts,  and  work  on  the  endless  rope 
system.  Similar  power  trams  will  also  be  placed  on  the  20th  and  2 1st 
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levels.  Five  cars  are  handled  at  a  time  and  a  saving  of  fully  25  per 
cent  is  announced  as  compared  to  the  hand-tramming.  Cars  hold 
2  1-2  tons  of  rock  eaeh.  In  the  hand-tramming  three  men  are  de- 
tailed to  each  car. 

The  company  has  a  fine  stamp  milling  plant,  smelting  works,  roll- 
ing and  wire  mill  at  Dollar  Bay.  It  also  has  an  elaborate  saw  mill, 
and  possesses  valuable  timber  lands.  It  gives  employment  in  mint* 
and  mills  to  1,426  men. 

Tamarack  Junior  Mine. 

The  Tamarack  Junior  Mine  is  on  the  same  conglomerate  lode  as  the 
Calumet  and  Hecla. 

There  are  two  shafts,  No.  1  located  on  the  most  southerly  forty  and 
No.  2  on  the  forty  next  north. 

A  new  shaft  house  has  been  erected  at  No.  2,  and  connection  with 
No.  1  has  been  made  by  a  trestle  1,000  feet  long. 

Osceola  Mine. 

The  Osceola  Mine  is  worked  upon  an  old  lava  flow  or  melapbyr 
which  like  the  conglomerate  has  been  impregnated  with  copper,  lung 
subsequent  to  the  successive  series  of  flows  and  sea  beach  co&gton> 
erates,  which  piled  one  over  the  other,  make  up  the  Keweenawati 
formation. 

There  are  three  principal  shafts,  Nos.  3,  4  and  5,  and  No.  6>  a  new 
one,  has  been  started. 

No.  3,  the  most  northern,  is  down  to  the  30th  level. 

No,  4  shaft  is  to  the  32d  level,  two  levels  having  been  added  in  i8Wi. 

No.  5  is  to  the  32d  level,  a  distance  vertically  of  2,000  feet. 

No.  6  was  commenced  in  the  spring  of  1895,  and  has  reached  a 
depth  on  February  26,  1896,  of  880  feet. 

The  mills  of  the  company  are  located  on  Torch  Lake  and  contain 
six  heads  of  stamps,  and  an  excellent  general  equipment. 

The  Wolverine  Mine. 

This  is  a  melaphyr  mine  like  the  Osceola. 

The  lode  is  of  a  dull,  brownish  color,  and  much  of  the  rock  carry- 
ing the  richest  copper  is  a  porous  epidote  of  light  green  color. 

There  are  four  shafts.  No.  1  is  the  most  northern  and  is  Aawn 
to  the  2d  level.  It  is  not  in  use,  the  ground  being  poor  in  that  end  of 
the  mine. 


234  Michigan  Mining  School. 

No.  2,  400  feet  south  of  No.  1,  is  to  the  13th  level  No.  3,  700 
feet  south  of  No.  2,  is  to  the  11th. 

No.  4  is  a  two-compartment  shaft,  recently  commenced,  and  is 
1,400  feet  south  of  No.  3. 

The  number  of  men  employed  is  165  and  the  product  of  refined 
copper  for  1895  was  1,815,381  lbs.  The  yield  for  1894  was  1,656,255 
lbs.  The  yield  of  copper  per  ton  of  rook  treated  is  21.08  lbs.,  or  1.05 
per  cent. 

The  Kearsarge  Mine. 

This  is  on  the  same  lode  as  the  Wolverine. 

There  is  one  shaft  known  as  No.  2,  a  single-skip,  that  is  down  to 
the  17th  level. 

The  yield  of  refined  copper  per  cubic  fathom  of  rock  broken  is 
409  lbs. 

The  Tecumseh  Mine. 

This  mine  comprises  520  acres  in  sections  32  and  34  in  town  33, 
range  56.  At  this  point  they  are  sinking  a  vertical  shaft  to  find  the 
Osceola  amygdaloid. 

The  Franklin  Junior  Mine. 

This  tract,  consisting  of  1  359  acres,  stretches  two  and  one-half 
miles  across  the  mineral  range,  and  has  a  surface  length  on  the  trend 
of  the  formation  of  about  7,000  feet. 

The  property  is  crossed  by  the  prominent  copper  bearing  lodes  of 
this  district. 

At  the  Pewabic  shaft  there  is  a  new  equipment  of  machinery,  two 
boilers,  a  double  cylinder  hoisting  engine  and  air  compressor. 

The  Franklin  Mine. 

The  company  has  reached  the  line  of  the  Quincy  mine  in  their 
shafts  at  a  depth  of  3,000  feet,  and  beyond  this  it  cannot  go. 
It  is  mining  on  the  33d,  34th,  35th  and  36th  levels  in  the  lower 
portion  of  the  mine,  and  in  the  9th  and  10th  levels  of  the  upper  por- 
tion. 

The  Franklin  is  working  upon  the  melaphyr  lode  upon  which, 
immediately  south,  is  located  the  Quincy  mine.  The  dip  of  the 
lode  is  52  degrees  to  the  northwest.  The  company  has  developed  it 
entirely  across  the  property,  and  has  two  shafts  now  open  to  the 
bottom   of  the  mine,    these   being  inclined  with  the  formation. 
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The  rock  is  run  by  gravity  from  the  shafts  to  a  stamp  mill  located 
at  the  foot  of  the  steep  hill,  on  the  north  shore  of  Portage  Lake,  thus 
affording  a  ready  and  cheap  means  of  transportation. 

The   Quincy  Mine. 

This  is  south  of  the  Franklin,  and  its  landed  possessions  surround 
the  Franklin  upon  all  sides  excepting  the  east.  It  has  been  producing 
copper  for  the  past  forty  years  and  has  given  substantial  proof  of  its 
richness  by  distributing  $7,670,000  in  dividends,  besides  which  it  has 
credit  for  a  surplus  of  $1,007,500.68 

The  Quincy  is  opened  on  a  brownish,  dark  colored  melaphyr  belt, 
possessing  a  great  width,  probably  nearly  200  feet,  and  in  the  miner- 
alized portion  of  this  the  work  of  mining  is  prosecuted.  There  ap- 
pear to  be  two  belts  of  copper-bearing  character  in  this  formation, 
one  being  known  as  the  "  main  vein,'*  the  other  as  the  "  east  branch," 
the  latter  apparently  occupying  a  position  in  the  footwall.  In  the 
course  of  mining  it  is  shown  that  there  are  many  barren  stretches  of 
ground,  and  there  is  also  considerable  variation  in  the  thickness  of 
the  copper-bearing  material.  In  places  it  may  be  forty  feet,  and 
then  may  pinch  to  three  or  four.  They  simply  take  as  much  of  the 
melaphyr  belt  as  is  profitably  charged  with  copper. 

The  copper-bearing  portion  of  the  lode  will  probably  average  a 
thickness  of  twelve  feet. 

The  mine  is  fortunate  in  the  large  amount  of  mass  copper  it  pro- 
duces, this  running  from  the  size  of  a  man's  fist  to  pieces  weighing 
many  tons. 

The  strike  of  the  Quincy  lode  is  a  very  regular  one,  being  north  of 
east  and  south  of  west.  The  lode  dips  to  the  northwest  at  an  angle 
of  about  50  degrees,  the  lower  workings  at  some  places  in  the  mine 
showing  a  little  flatter  angle,  but  as  there  is  considerable  waving  of 
the  footwall,  the  dip  may  not  vary  as  much  as  is  commonly  sup- 
posed. Sometimes  the  shafts  are  in  the  lode,  at  times  on  one 
side,  and  then  again  upon  the  other,  due  to  the  rolling  of  the  forma- 
tion. The  shafts  are  located  on  the  top  of  a  hill  that  rises  to  a 
height  of  about  700  feet  above  the  level  of  Portage  lake.  They  are 
three  in  number,  being  sunk  in  the  lode,  following  the  inclination  of 
the  latter. 

No.  4  shaft  is  the  most  southern  and  is  30  feet  below  the  47th  level, 
one  level  having  been  added  in  1895.    It  is  east  of  the  main  lode  and 
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a  cross-cut  is  now  being  driven  to  connect  ft  with  toss  portion  of  the 


No.  2  shaft  is  000  feet  north  of  No.  4,  and  is  to  the  48th  lend,  hav- 
ing been  sunk  30  (eet  below  the  46th  in  1895. 

No.  «  shaft  is  1,000  feet  north  of  No.  2,  and  is  30  feet  below  the 
45th  level,  having  been  sunk  from  the  43d  level  daring  the  year. 

The  walls  of  the  lode  are  generally  so  firm  that  no  timber  is 
needed  to  sustain  them,  but  occasionally,  where  the  lode  is  of  extra- 
ordinary  width,  it  is  employed. 

Nearly  all  the  drilling  is  performed  by  machines,  No.  2  Rand.  A 
little  hand  drilling  is  done  in  places. 

The  rapid  handling  of  the9  men  at  this  property  is  one  of  the  at- 
tractive features.  Formerly  they  were  sent  into  and  oat  of  the  mine 
on  the  old-fashioned  man  engine;  this  required  considerable  time  to 
take  care  of  the  men.  Now  they  are  lowered  and  raised  in  a  man 
car,  and  the  entire  force  underground,  about  400  souls,  can  be  gotten 
in  or  out  of  the  mine  in  thirty  minutes.  The  man  car  bears  a  dose 
resemblance  to  a  section  of  a  flight  of  stairs,  the  under  side  of  which 
is  provided  with  wheels  that  rest  upon  the  rails  of  the  shaft  track. 
There  are  banisters  on  this  section  of  stairs  to  prevent  the  men  from 
being  crowded  over  the  sides.  They  take  their  seats  on  the  steps  and 
are  gently  lowered  into  the  earth  a  distance  on  the  incline  of  about 
4,000  feet.  There  is  no  jerking  or  jolting,  no  unpleasant  sensation. 
Thirty  men  are  carried  at  a  load,  and  the  different  shafts  are  all  equip- 
ped with  this  convenience.  The  change  from  the  skips  to  the  man  cars 
is  made  at  each  shaft  in  less  than  two  minutes.  Two  5-ton  cranes  are 
located  in  each  shaft,  one  on  either  side  of  the  skip-way,  and  with 
these  the  skips  are  lifted  off  and  the  man  cars  substituted  in  the  time 
given. 

A  new  shaft  house  has  just  been  completed  at  No.  4  shaft.  It  is 
80x89  feet  and  72  feet  high.  At  this  shaft  the  company  has  increased 
the  size  of  the  old  engine  house  by  an  addition  of  16  feet,,  and  in- 
stalled a  second  engine.  The  old  drum  is  increased  from  18 
to  22  feet  in  diameter,  and  is  now  in  shape  to  do  hoisting  from 
a  depth  of  several  hundred  feet  beyond  the  present  lowest  levels. 

At  No.  2  shaft  there  is  a  magnificent  new  hoisting  plant.  It  con- 
sists of  a  pair  of  48x84  inch  engines  connected  to  a  steel  drum  26  feet 
in  diameter  with  12  1*4  foot  face,  having  capacity  for  7,500  feet  of 
1  1-2  inch  rope.  The  governor  is  regulated  to  prevent  afspeed  of 
over  3,000  feet  per  minute,  and  the  skip^is  prevented  from*going|too 
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high  in  the  shaft  house  by  an  automatic  arrangement  that  shuts  off 
steam,  reverses  the  engine  and  applies  the  brake.  The  plant  is  a  sub- 
stantial, sensible  one,  and  is  contained  in  a  stone  building  68x94  feet* 

Anew  brownstone  supply  house  has  been  erected  at  No.  2 shaft 
and  additions  made  to  machine  and  blacksmith  shops.  The  latter 
are  models  of  neatness,  as,  indeed,  are  all  portions  of  the  surface.  The 
company  builds  its  own  skips,  power  drills,  and  has  a  complete 
machine  and  smithing  equipment 

The  Quincy  Mining  Company  has  credit  for  one  of  the  finest  stamp 
mills  on  the  lakes.  It  is  of  modern  construction,  and  a  very  econom- 
ical arrangement  for  the  treating  of  rock  is  possessed.  There  are  five 
Allis  heads.  There  are  six  miles  of  railway  connecting  the  mine  and 
mill,  the  track  being  narrow  gauge.  There  are  three  mogul  engines 
and  fifty  17-ton  cars.    The  location  of  the  mill  is  on  Torch  Lake. 

The  average  number  of  men  employed  during  the  year  was  068,  of 
which  886  were  miners,  who  earned  an  average  of  $50  per  month. 

The  number  of  tons  of  rock  broken  was  568,860;  tons  hoisted,  506,- 
058;  stamp  rock  treated,  495,402  tons. 

The  product  of  mineral  from  stamp  mill  was  14,670,580  pounds' 
from  rock  houses,  5,062,440  pounds.  The  amount  of  refined  copper 
was  16,804,721  pounds. 

In  1894  a  tract  of  640  acres  of  mineral  lands  was  purchased. 

The  Atlantic  Mine. 

The  location  of  this  mine  is  three  miles  southwest  of  Houghton 
on  ground  elevated  several  hundred  feet  above  the  lake's  level. 
This  mine  has  been  one  to  which  no  little  attention  has  been  directed 
by  reason  of  the  excellent  results  achieved  in  its  operation,  it  being 
credited  with  a  net  earning  of  about  $900,000,  this  being  won  from  a 
rock  yielding  an  average  of  less  than  three-quarters  of  one  per  cent, 
of  copper.  For  the  year  1894  the  yield  was  14.06  pounds  of  copper 
per  ton  of  rock,  and  the  gross  value  of  product  per  ton  of  rock  treated 
was  $1.8876.  At  this  low  yield,  and  with  a  low  price  for  the  product, 
the  mine  earned  $48,762.95  in  1894.  When  it  is  considered  that  this 
rock  has  to  be  all  drilled  and  blasted,  the  ground  timbered,  water 
pumped,  the  rock  raised  from  a  depth  of  over  two  thousand 
feet,  put  through  crushers,  run  into  cars  and  transported  by  railway 
nine  miles,  then  to  be  stamped  and  otherwise  treated  in  the  mill,  and 
all  this  for  less  than  $1.84  per  ton,  none  will  dispute  the  fact  that 
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there  must  be  an  active  management,  and  one  well  skilled  in  the  dif- 
ferent branches  of  the  mining  and  milling  business.  In  1895  the 
percentage  of  copper  per  ton  of  rock  was  .78,  and  cost  of  mining, 
milling,  etc.,  less  construction  account,  was  $1.2034  per  ton. 

The  Atlantic  is  open  on  a  melaphyr  belt  of  dark-brown  color,  the 
mineralized  portion  of  which  has  an  average  thickness  of  15  feet. 
The  copper  in  this  is  very  evenly  distributed.  There  are  few  barren 
stretches,  and  few  rich  bunches.  There  can  be  no  selecting  of  the 
rook,  and  all  the  mineralized  lode  is  sent  to  surface,  no  attempt  at 
selection  being  made. 

There  are  four  shafts  located  on  the  lode,  and  the  latter  has  been 
opened  for  a  distance  of  4,800  feet,  No.  4  being  the  most  southern.  It 
has  reached  the  22d  level  No.  1,  the  most  northern,  is  to  the  16th 
level;  No.  2  is  to  the  20th;  No.  3  to  the  25th,  2,100  feet  from  surface. 

What  is  known  as  the  "New  No.  8,"  is  now  to  the  24th  level. 

The  dip  of  the  bed  is  about  55  degrees  to  the  northwest,  and  the 
trend  of  the  lode  is  more  westerly  than  any  of  the  lodes  of  this 
section. 

At  the  mine  there  is  a  new  boiler  house,  88x66  feet.  This  contains 
a  battery  of  eight  boilers,  of  100  horse-power  each.  • 

A  new  stamp  mill  has  been  built  for  the  Atlantic  Mine  on  the  shore 
of  Lake  Superior  at  the  mouth  of  Salmon  Trout  River. 

Its  dimensions  are  151x284  feet,  framed,  with  stone  foundation 
and  contains  six  heads  of  stamps,  18  inch,  of  the  BalTs  type,  fifty- 
four  iron  Collun  jigs,  one  14x22  inch  Reynolds-Corliss  engine,  a 
Gardner  fire -pump,  lathes,  pipe,  bolt  and  nut  cutters,  planer,  etc., 
making  in  all  a  fine  equipment  There  is  a  boiler  house,  101x71 
feet,  containing  three  16x6  foot  Evans  fire  box  boilers  with  Gardner 
duplex  feed  pumps,  and  a  fire  pump  of  same  make.  The  smoke  is 
conducted  in  a  steel  flue  175  feet  long  and  7  feet  in  diameter,  that 
has  been  laid  to  a  stone  base  on  the  hill  back  of  the  mill,  which  is 
surmounted  by  a  smoke  stack  80  feet  high  and  6  feet  in  diameter. 

There  is  no  pumping  required  to  supply  the  water  needed  by  the 
stamps.  The  water  comes  into  the  mill  by  gravity.  A  dam  has  been 
constructed  across  the  Salmon  Trout  river,  and  the  water  from  this 
is  conveyed  to  the  mill,  a  distance  of  2,052  feet,  being  given  a  fall  of 
5  inches  in  each  100  feet.  This  dam  cost  the  company  over  $20,000. 
It  is  constructed  of  timber,  loose  rock  and  earth.  The  main  portion 
is  crib  work  58  feet  thick  at  the  bottom  and  28  feet  thick  at  the  top, 
and  50  feet  high.    The  length  across  the  stream  at  the  bottom  is  51 


Copper  District.  239 

feet,  and  at  the  top  228  feet  The  crib  work  is  of  hewed  flat  timber 
14  inches  thick  and  bound  together  at  the  joints  with  inch  square 
drift  bolts.  Loose  rock  was  used  for  filling  the  cribs.  The  supply 
launder  is  18x86  feet,  which  discharges  into  a  steel  tank  8  feet  in 
diameter  and  10  feet  high,  from  which  the  water  is  conveyed  to  the 
stamps  as  needed.  This  water  supply  is  a  point  of  greatest  import- 
ance to  the  company.  When  one  considers  that  thirty  tons  of  water 
are  used  in  the  washing  of  a  single  ton  of  rock,  and  that  this  com- 
pany treats  about  1,000  tons  of  rock  daily,  the  value  of  the  new  plant 
can  be  readily  recognized. 

During  1895  the  company  stamped  881,058  tons  of  rock. 

The  mill  is  eight  and  one-half  miles  from  the  mine,  and  the  com-  . 
pany  has  connected  the  two  by  a  standard-gauge  railway.  They  have 
an  ample  equipment  of  locomotives  and  cars.  There  is  one  large  con- 
solidation engine,  a  Brooks,  with  four  drivers,  and  weighing  90  tons, 
besides  which  there  is  a  45-ton  Brooks,  and  two  20-ton  locomotives. 
There  are  32  flat  cars  and  127  rock  cars,  the  latter  having  a  capacity 
each  of  5  1-4  tons. 

The  product  of  refined  copper  for  1895  amounted  to  4,882,497 
pounds,  an  increase  over  the  production  of  the  previous  year  of  605,- 
112  pounds.  The  total  production  of  refined  copper  to  date  is  72,- 
048,682  pounds.  The  gross  profit  for  1895  was  $110,559.47.  The  net 
surplus  December  81,  1895,  was  $150,874.97.  The  number  of  men 
employed  at  mine  and  mill  is  476. 


KEWEENAW    DIVISION. 

The  Central  Mine. 
This  mine  is  worked  upon  a  true  fissure  vein. 


ONTONAGON   DIVISION. 

In  this  district  there  are  working  the  Knowlton,  Mass,  Minnesota, 
'National  and  Ridge. 

This  district  is  the  first  that  was  actively  worked  for  copper  and 
masses  weighing  200,  800  and  over  500  tons  have  been  found. 
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IRON    RANGES. 
MARQUETTE  RANGE. 

Has  a  length  of  40  miles  by  from  6  to  12  miles.  Has  shipped 
43,937,510  tons,  2,095,166  in  1895. 

Buffalo  Mines. — 450  feet  in  depth.  Use  caving  system  and  is  a 
fine  place  to  see  it  operated,  4  mines  in  fact;  about  400,000  tons 
annually  produced,  fine  machinery,  underground  haulage  system, 
endless  rope. 

Negaunee  Mine  —1  shaft  486  feet  deep.  Mine  in  square  sets.  A 
very  interesting  property  to  visit.  Fine  plan  of  ore  sampling.  New 
hoisting  plant  to  be  installed  in  1896. 

Jackson  Mine.— Oldest  in  the  State,  has  2  shafts  300  feet  deep. 
Needs  no  timber.  Hard  and  soft  ores  occur  indiscrimately ,  a  peculiar 
formation. 

Cambria  Mine.— 2  shafts  570  feet  deep.  Mine  40,000  tons  annually. 
Use  square  sets.  Formation  rolls  and  twists  erratically,  and  requires 
fine  engineering  to  properly  follow. 

Lillie  Mine.— 2  shafts  300  and  350  feet  deep.  Win  the  ore  by  cav- 
ing the  surface  and  slicing  the  ore  off  in  horizontal  sections.  Have 
an  8  foot  hoist.    Three  hundred  men  are  employed. 

Lake  Superior  Iron  Co.— Has  been  running  since  1858,  and  has 
produced  6,734,472  tons  of  ore.  It  mines  both  hard  and  soft  varieties 
and  observes  all  the  principal  methods  in  its  extraction.  Its  deepest 
workings  are  920  feet.  It  has  four  mines,  all  of  which  are  equipped 
with  modern  machinery. 

The  Pittsburg  and  Lake  Angeline  Iron  Co.— The  Lake  Ange- 
line  mines,  two  in  number,  are  interesting  and  important  and  enjoy 
a  national  reputation  for  the  fine  quality  of  their  ores.  The  caving 
system  of  winning  ores  is  employed  in  their  soft  hematite  deposits. 
They  mine  both  hard  and  soft  ores.  These  mines  were  the  first  to 
introduce  electric  haulage  machinery  for  the  underground  transpor- 
tation of  ore.  They  have  an  electric  motor  handling  ten  two-ton 
cars.  Dynamo  is  85  horse  power.  Voltage  500.  A  large  territory 
has  been  opened  up.    Eight  hundred  men  are  employed,  and  the 
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mine  produced  850,000  tons  in  1895,  making  a  grand  total  of  3,352,561 
tons.  All  portions  of  the  mine  are  finely  equipped  with  modern 
machinery. 

The  Cleveland  Cliffs  Iron  Mining  Co.'s.— The  Cleveland  mine  is 
opened  up  under  the  bottom  of  Lake  Angeline,  the  waters  of  which 
(800,000,000)  gallons  have  been  pumped  out.  On  the  ore  depost  lies  40 
feet  of  sand  and  overlying  this  is  forty  feet  of  mud.  The  latter  has 
threatened  the  mine  but  it  is  effectively  worked  and  the  im- 
mense mass  of  mud  successfully  coped  with.  There  are  76  rooms 
opened  on  the  first  level,  a  length  of  2,760  feet.  In  the  second  level 
there  are  72  rooms,  in  the  third,  which  is  but  partly  opened,  14  rooms. 
They  work  one  level  at  a  time,  from  the  top  down.  An  open  pit  400 
feet  long  by  80  feet  wide  is  now  worked.  A  new  mine  on  the  south 
side  of  the  old  lake  basin  is  being  opened  up.  There  are  two  electric 
motors,  one  of  thirty,  the  other  of  sixty-horse  power.  The  electric 
generator  is  4-pole,  100  kilowats,  220  volts,  600  revolutions  per  min- 
ute. This  power  operates  the  underground  tramming  railway, 
where  there  are  about  5,000  feet  of  track.  At  the  Lake  Shaft  mine 
is  a  new  plant  of  machinery— cross-compound  engines,  22  inches  and 
32x48  inches,  Corliss  condensing,  with  12  foot  first  motion  drum, 
equipped  with  hydraulic  brake.  Air  compressors  are  Rand,  16x32 
inches,  duplex.  The  finest  mill  in  the  United  States  for  framing 
mine  timber  is  here.  The  operators  of  this  also  own  and  operate  the 
Cliff  Shafts,  Moro  and  Incline  Mines,  yielding  hard  ore,  and  the  Salis- 
bury mine  yielding  soft  ore. 

Ore  crushers  weighing  82,000  pounds,  with  openings  18  inches  by 
24  inches  are  used.  All  mines  of  this  company  are  thoroughly 
equipped  and  their  annual  product  is  600,000  tons. 

The  furnace  plant  of  the  Cleveland  Cliffs  Co.,  located  at  Gladstone. 
Delta  Co.,  Mich.,  are  of  the  finest.  Charcoal  is  the  fuel  used.  The 
producing  capacity  is  130  tons  daily.  Bosh  12  feet,  hearth  7  feet, 
stock  line  8  feet,  bell  5  feet.  The  stove  plant  ha9  two  Cowper  stoves 
16\70,  each  stove  having  16,900  square  feet  heating  surface.  Casting 
house  is  50  feet  by  115  feet  2  inches.  There  are  forty  65-cord 
kilns  requiring  125  cords  daily.  A  chemical  plant  for  securing  alco- 
hol and  other  by-products  from  the  consumption  of  wood  is  operated. 
The  finest  in  America. 

Excelsior  blast  furnace,  Ishpeming,  60  tons  daily,  newly  rebuilt. 

Winthrop  Mine— is  working  the  longest  open  pit  in  this  country 
16 
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dislodging  thousands  of  tons  of  ore  at  a  single  blast.  Stripping  drift 
with  steam  shovel. 

Republic  Miking  Co.— The  Republic  mine,  renowned  for  purity  of 
its  product,  has  been  opened  for  a  length  of  3,000  feet.  Has  three 
shafts  now  working.  Greatest  depth  1,200  feet  Produces  hard, 
specular,  and  magnetic  ores.  Power  to  operate  machinery  furnished 
by  water  power  on  Michigamme  river.  Has  shipped  4,251,026  tons 
ore.  Has  four  14-foot  drums  at,Nos  1  and  8  shafts.  A  "  Cornish 
lift "  takes  care  of  the  water. 

The  Champion  Mining  Co.— The  Champion  mine  has  4  shafts, 
working  on  a  lode  2,000  feet  long,  greatest  depth  1,200  feet.  Specu- 
lar and  magnetic  ores  produced.  Has  dike  crossings,  two  lodes  of 
ore,  and  is  very  interesting  geologically.  Two  55-ton  ore  crushers 
worked  and  another  to  be  added.  Openings  of  jaws  24  inches  by  24 
inches,  and  operated  by  manilla  rope  transmission  on  10-foot  pulleys. 
Ore  going  from  shafts  to  crushers  by  gravity.  Have  four  14-foot  drums, 
7  foot  face,  and  a  compressing  plant  with  80x48  in  air  and  28x48  in 
steam  cylinders.    Fine  shops. 

Ropes  Gold  Mine.— One  shaft,  800  feet  deep.  Mine  700  feet  in 
length  worked  on  a  series  of  segregated  veins.  Has  produced  $605,- 
056.95  worth  of  gold  and  silver.  In  the  serpentine  formation.  Mill 
with  65  Cornish  stamps.  Frue  vanners  and  perfect  amalgamation 
plant. 


MENOMINEE  RANGE. 

Has  a  length  of  45  miles  by  from  4  to  15  miles— has  sent  out 
18,528,827  tons,  1,694,804  in  1895. 

Vulcan  Mine.— Two  shafts  1,000  feet  deep.  Very  interesting 
geologically.  Two  strata  of  ore— much  jaspilite.  Rooms  are  rock- 
filled.  Tramming  rock  done  with  mules.  Worthington  pump  at  12th 
level,  compound-condensing  with  25  horse  power  high-pressure  cyl- 
inders 43  3-10  inch  low  pressure,  four  12  inch  poles,  36  inch  stroke. 
One  thousand  gallons  per  minute,  in  1,000  feet  left  under  60  lbs. 
steam  pressure. 

Araoon  Mine.— Three  shafts,  to  7th  level  or  586  feet.  The  ore  is 
rained  in  square  sets,  and  the  rooms  filled  with  sand  run  in  from  the 
surface.  New  hoisting  plant  will  be  put  in  in  1896.  The  company  is 
sinking  a  new  shaft. 
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Chapin  Mine.— Two  thousand  five  hundred  feet  long,  and  70  feet 
in  thickness.  Four  principal  working  shafts,  from  600  to  800  feet 
deep.  Two  lodes  of  ore.  Produce  650,000  tons  annually;  1,300  men 
employed.  Caving  system  generally  used  but  some  square  set  work  is 
done.  At  B  and  C  shafts  there  is  a  pair  Corliss  engines  80x60  inches, 
with  conical  drums,  with  an  average  diameter  of  12  1-2  feet,  and 
capacity  for  1,500  feet  of  1  8-8  inch  wire  rope. 

D  shaft  has  a  pair  24x48  inches  Corliss  engines  operating  two  flat 
rope  reels  holding  1,500  feet  of  1-2x4  inch  steel  rope.  Pumping  plant 
at  D  is  one  of  largest  mine  pumps  in  world:— steeple  compound— 50 
inch  initial  cylinders;  100-inch  low  preassure;  120-inch  stroke;  plunger 
28  by  120  inches;  capacity  3,000  gallons  a  minute  with  a  1,500 
feet  lift. 

Hydraulic  power  is  used  to  operate  all  the  mine  plant  but  the  big 
pump.  This  power  is  obtained  from  falls  on  the  Michigamme  river 
some  three  miles  from  the  mine  where  four  large  compressors  are 
placed.  Power  trams  are  used  underground,  also  150  power  drills. 
The  mine  has  a  saw-mill  for  framing  timber,  is  lighted  by  electricity 
and  also  has  fine  shops.  The  Ludington  and  Hamiliton  mines  have 
been  lately  purchased  by  the  Chapin  Co.  Hamiliton  has  a  flat  rope 
hoisting  plant  with  10  ton  skips.  The  mine  is  1,460  feet  deep. 
.  Pewabic  Mine.— Three  shafts,  to  5th  level;  at  each  shaft  are  two 
10-foot  drums  with  direct  acting  engines  24  inches  by  48  inches.  The 
ore  is  mined  on  the  square  set  plan  but  the  company  has  a  different 
system  of  slicing  pillars  than  the  other  mines. 

Finest  underground  pump  in  the  country,  a  Worth ington,  triple 
expansion,  cylinders,  15  inches,  23  inches  and  88-inch  by  12-inch 
plunger,  24-inch  stroke.  Supplied  with  surface  condenser,  capacity 
1,500  gals,  per  min.,  700  feet  lift  with  125  lbs.  of  steam.  Fine  sys- 
tem of  sampling  ores,  with  interesting  occurrences  of  phosphorus 
and  perplexing  geological  features.  Produces  the  finest  ore  of  any 
mine  in  the  world— giving  68.60  per  cent,  iron,  .007  per  cent.  phos. 

Antoine  Ore  Co.— Mining  high  silicon— low  iron  ores,  from  open 
pits.    Crushing  ores.    Crusher  30  inches  by  30  inches. 

Commonwealth  Mine.— Use  no  timber,  hanging  firm,  hoisting 
from  immense  stopes  250  feet  high — none  other  like  it  in  the  district. 

Dunn  Mine.— Use  no  timber,  hanging  firm;  hoisting  from  sub- 
shafts  from  underground  levels  direct  from  surface  plant  by  neat 
arrangement  of  pulleys,  etc.    Fine  plant. 
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Columbia  Mine.— Two  shafts— mine  very  wet,  little  or  no  timber 
used,  two  lodes  of  ore. 

Hemlock  Mike.— Has  two  shafts,  290  feet  deep.  Three  modes  of 
winning  ore,  large  open  stopes  with  no  timber;  drift  sets  and  caving 
and  on  square  sets. 


GOGEBIC  RANGE. 

Has  a  length  of  45  miles  by  3  miles  in  width,  has  sent  oat  16,395,- 
375  long  tons,  2,560,775  in  1895. 

Nobbie  Mining  Co.— The  Norrie  Mine  produces  800,000  gross  tons 
iron  ore  annually— greatest  iron  mine  in  the  world,  Ore  deposit  one 
mile  long,  and  reached  by  12  shafts.  Lode  60  feet  to  300  feet  wide, 
800  feet  deep  at  present.  One  thousand  three  hundred  men  em- 
ployed, two  hoisting  stations  10  feet  drums,  Prescott  pumps;  electric 
signals  and  lighting,  square  set  system  of  timbers. 

Aurora  Mine.— Two  hundred  and  fifty  thousand  tons  annually, 
4  shafts  600  feet  deep.  Opened  2,500  feet  long,  caving  pillars,  3 
hoisting  plants  8  feet  drums,  a  50  drill  Ingersoll  Compressor,  and 
electric  lights.    Employs  845  men.    Square  set  system  of  timbering. 

Ashland  Mine  is  opened  for  2,500  feet  in  length,  8  shafts,  caving 
pillara,  well  equipped. 

Pabst  Mine.— Two  hundred  and  twenty-five  thousand  tons 
annually,  5  shafts,  opened  1,900  feet  in  length  and  from  60  to  300 
feet  in  width.  Five  hundred  feet  deep.  New  hoisting  plant  with 
24  inch  by  48  inch  engine  connected  by  a  14  foot  gear  wheel  to  a 
pair  of  10  feet  hoisting  drums  made  by  Webster,  Camp  &  Lane. 
Complete  equipment  with  compressors,  etc. 

Newport  Mine.— Manganiferous  iron  ore,  from  10  to  40  per  cent 
Six  shafts.  Deposits  2,000  feet  long.  Employs  200  men.  One  hun- 
dred and  fifty-seven  thousand  eight  hundred  and  twenty-one  tons  of 
ore  produced  in  1895.  Timbering  in  square  sets.  Complete  equip- 
ment. 

Tilden  Mine.— Six  shafts  700  feet  deep.  Mine  4,000  feet  in  length. 
Annual  product  500,000  tons.  Uses  the  "drawing'*  system  of 
winning  the  ore.  One  12  foot  hoist,  one  of  6  feet,  and  has  one  6- 
foot  60  drill  air  compressor.  Employs  the  i  incandescent  J  system 
lighting,  and  fine  shops. 
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Palms  Mine.— Three  shafts  500  feet  deep.    Deposit  1 ,800  feet  long. 
New  8-foot  hoisting  plant. 

Brothebton  Mine.— Three  shafts  400  feet.    The  mine  secures  the 
ore  by  the  caving  or  "  North  of  England"  system, 


ORE  DOCKS. 

Marquette.— D.,  S.  S.  &  A.  Ry.  Three  docks,  im  pockets,  cajmo 
ity  100  tons  each.  Marquette,  Lake  Superior  6c  Lshpcmiug  Ry,,  1 
dock  1,200  feet  long,  300  pockets,  100  tons  each. 

Ashland. — Three  docks  with  capacity  of  101,500  tons  ore, 

Gladstone.— One  dock,  16,000  tons. 

Esc  an  aba.— Five  docks,  capacity  151,218  tons. 


Owing  to  lack  of  space  only  part  of  the  mines,  ol   Ihe  vurioua  cliu- 
tricts  have  been  enumerated,  and  most  of  them  only  briefly  described. 
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BUILDING  STONE,  ETC. 

Michigan  contains  a  vast  amount  of  sandstone  suitable  for  building 
purposes,  the  finest  varieties  being  found  in  the  upper  peninsula, 
on  the  shores  of  Lake  Superior,  near  Keweenaw  Bay.  Here  it 
can  be  readily  quarried  and  transported  to  Chicago,  Cleveland,  Buf- 
falo, and  other  distributing  centers  on  the  great  lakes. 

The  varieties  most  popular  with  builders  are  the  brown,  rain-drop 
and  red,  these  generally  differing  only  in  their  markings.  The  brown 
is  of  the  richest,  and  it  has  been  principally  secured  from  quarries  at 
Marquette,  Mich.  The  supply  has  steadily  grown  less,  and  but  lim- 
ited quantities  can  now  be  furnished.  Some  of  the  finest  buildings 
in  Michigan,  as  well  as  other  states,  are  constructed  of  this  stone. 

The  Kkrbeb-Jacobs  Redstone  Company  is  one  of  the  best 
known  of  the  producers  of  sandstone  in  the  State. 

The  Portage  Entry  Quarries  Company  is  one  of  the  oldest 
sandstone  producing  concerns  on  the  lakes.  As  indicated  by  their 
title,  their  principal  quarrying  is  done  at  Portage  Entry,  where  they 
have  a  complete  plant  for  securing  the  stone  rapidly.  They  also  oper- 
ate the  Marquette  quarries.  The  amount  produced  from  the  latter 
in  1895  was  38,014  feet,  and  from  Portage  Entry  181,511  feet,  in  all 
219,525  feet 

The  Excelsior  Redstone  Company,  is  quarrying  stone  on  the 
shores  of  Portage  Lake,  making  their  first  shipment  in  1894,  the  true 
sheet  having  been  located  after  a  years  systematic  exploration.  The 
thickness  of  the  marketable  strata  averages  about  8  feet,  and  the 
quality  of  the  stone  is  of  the  finest.  The  overlying  burden  varies  in 
thickness  according  to  location,  showing  about  21  feet  at  the  present 
point  of  operations. 

An  average  of  60  men  are  employed.  The  present  equipment  con, 
sists  of  3  steam  pumps,  1  steam  channeling  machine,  2  steam  drills,  1 
steam  hoister,  1  boiler  170-horse  ix>wer,  1  derrick,  20  tons  capacity. 
Besides  this  there  is  a  well-equipped  blacksmith  shop,  and  three 
miles  of  railroad  from  the  quarry  to  the  lake  shore,  equipped  with 
a  locomotive  and  30  flat  cars. 

The  product  in  1894  was  18,000  cubic  feet,  in  1895  45,000  feet. 
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The  L'Anse  Beownstone  Company  is  a  new  one  in  the  brown- 
stone  producing  business,  having  made  its  sample  shipment  of  about 
2,000  feet  in  1894.  Its  quarry  is  at  L'Anse,  and  it  was  worked  in  1895 
for  five  months  and  23,000  cubic  feet  of  stone  quarried.  The  greater 
portion  of  this  was  of  the  brown  variety.  A  force  of  34  men  was 
employed.  The  equipment  consists  of  1  two-power,  15-ton  hoist 
geared  for  two  derricks,  1  24-horee  power  engine,  two  Ingersoll- 
Sergeant  steam  drills,  1  bar  channeler,  2  Wardwell  channelers,  1 
Worthington  pump,  1  Lidgerwood  double-drum  hoist,  1  core  drill,  en- 
gine, boiler  and  fittings,  1  set  Lidgerwood's  friction  drums  worked  by 
gravity  for  letting  down  cars  from  quarry  to  dock,  a  distance  of 
1,500  feet.  The  loaded  car  brings  up  the  empty  one.  Another  der- 
rick is  now  being  put  up  in  the  quarry. 

The  Traverse  Bay  Redstone  Company.— This  company  is  operat- 
ing in  Houghton  county,  T.  56,  R.  31,  and  has  shown  sandstone  of 
excellent  quality  covering  120  acres.  It  has  constructed  eight 
miles  of  three-foot  railroad,  from  the  quarry  to  the  bay,  and  has  a 
dock  1,000  feet  long  at  the  latter  place.  The  work  of  1895  was  devot- 
ed almost  entirely  to  developing  and  equipping,  6,500  feet  of  stone 
being  all  that  was  quarried.  There  are  two  hoists  with  boilers,  two 
derricks,  and  a  full  equipment  of  machinery  for  cutting  stone. 

Waverly  Stone. 

This  stone  is  of  a  bluish-gray  color,  uniform  in  its  appearance  and 
texture,  and  makes  a  handsome  stone  for  building  purposes.  It  is 
found  at  Holland,  Ottawa  county,  and  takes  its  name  from  similar 
stone  that  is  quarried  in  large  quantities  at  Waverly,  Ohio.  The 
Michigan  stone  is  free  from  iron  stains  that  present  such  objection- 
able appearance  in  this  stone  from  other  places. 

Grindstones. 

Huron  county  has  been  a  producer  of  grindstones  and  whetstones 
for  more  than  forty  years.  The  location  of  the  quarries  is  at  Grind- 
stone City,  on  the  shores  of  Lake  Huron,  twenty-four  miles  north- 
east of  Bad  Axe,  the  county  seat,  and  ninety  miles  above  Port 
Huron.  Lake  Huron  blue  stone  is  known  in  every  market  in  the 
United  States,  and  is  also  recognized  abroad.  In  grindstones  and 
scy  thestones  the  supply  is  not  equal  to  the  demands  of  the  trade* 
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Novaculite. 

This  stone,  and  of  a  very  fine  grain,  suitable  for  hones,  occurs  in 
Marquette  county,  near  the  cities  of   Marquette  and   Negaunee. 

Slate. 

There  are  large  deposits  of  slate  in  Baraga  county,  and  consider- 
able attention  was  given  to  its  quarrying  several  years  since. 

Limestone. 

Limestone  is  generously  distributed  throughout  the  entire  State  of 
Michigan.  The  manufacture  of  lime  is  carried  on  at  several  points, 
Bellevue  being  noted  for  its  fine  product.  The  stone  is  also  used  for 
building  purposes. 

Quartzite. 

There  are  vast  deposits  of  this  rock  in  the  northern  portion  of  the 
state,  gannister  being  quarried  for  the  lining  of  blast  furnaces. 

Clay. 

Clay  is  found  in  nearly  every  county  in  the  State.  Near  Detroit  a 
deposit  suitable  for  the  manufacture  of  pottery  is  operated.  The 
manufacture  of  brick  and  tiling  is  conducted  at  many  places, 
and  provides  employment  to  a  large  number  of  men. 

Granite. 

This  stone  exists  in  immense  areas  throughout  the  northern  por- 
tion of  Michigan,  but  at  no  point  is  it  quarried.  Near  Marquette 
is  a  fine  variety  suited  to  building  purposes. 

Aslestus   ( Chrysotile). 

Long  ago  the  variety  of  serpentine  known  as  chrysotile,  which  is 
used  for  asbestus,  was  found  in  association  with  the  serpentine 
rocks  north  of  Ishpeming,  in  Marquette  county,  on  sections  29  and 
30,  town  48,  range  27.  It  possesses  a  fine  fibre  of  from  one  inch  to 
one  inch  and  a  half  long,  and  compares  favorably  with  the  Canadian 
product,  which  supplies  the  greatest  portion  of  the  amount  of  this 
mineral  consumed  in  the  United  States. 
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Gypsum. 

The  principal  gypsum  producers  of  Michigan  are  now  represented 
by  the  Michigan  &  Ohio  Plaster  Co. 

The  following  concerns  were  active  in  1895: 

Name.  Location  of  Milus, 

Alabastine  Company Grand  Rapida  Mich 

Grand  Rapids  Gypsum  Works 

Grand  Rapids  Plaster  Co, 

F.  Godfrey  &  Bro 

Gypsum  Plaster  and  Stucco  Co 

Loren  Day. . .  

Western  Plaster  Works AlabatHor,  Midi,, 

and  South  Chicago. 
The  product  of  the  above  named  companies  was  as  J'ol  lows: 

Calcined  Plaster,  tons ....  52t7(HJ 

Land  plaster,  tons U>.6(*0 

Gypsum  rock,  crude ikJJMH> 

The  gypsum  product  of  Michigan  is  noted  for  its  purity,  and  the 
supply  is  equal  to  meet  the  severest  call  that  can  be  made  upon  it. 

Talc. 

This  mineral  is  found  in  the  serpentine  range  of  Murt|uette  county, 
and  preparations  are  under  way  for  its  mining.  Adjoining  the  prop- 
erty on  which  is  located  the  Ropes  gold  mine,  a  large  vein  has  been 
found,  and  can  be*cheaply  worked. 

Marble. 

Michigan  has  only  one  marble  quarry  that  is  being  operated  at  this 
time.  The  single  quarry  now  showing  activity  is  located  in  Dickin- 
son county,  on  Sec.  26,  42,  28,  and  is  operated  by  the  Northern 
Michigan  Marble  Company. 

The  stone  is  a  very  bright,  sparkling,  crystalline  carbonate  of  Ikno, 
hard  and  tenacious,  making  it  desirable  for  building  or  riknrm mental 
purposes.  Some  of  it  is  pure  white,  some  variegated,  shading  from 
white  to  pink,  green,  gray  and  purple,  making  beautiful  slabs  for 
wainscoting  and  interior  work. 

There  is  a  pressing  demand  for  the  stone  beyond  any  thing  the 
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company  can  supply,  even  the  chips  and  small  spals  being  disposed 
of. 

The  Serpentines. 

They  are  among  the  most  beautiful  of  the  rock  creations  when  they 
contain  dolomite,  the  blending  of  the  two  forming  what  is  known  as 
verde  antique. 

The  Michigan  serpentine  outcrops  at  Presque  Isle,  near  Marquette, 
this  being  the  most  easterly  point  at  which  it  is  seen.  It  disappears 
from  view  going  west,  and  again  is  seen  fifteen  miles  east  on  Sec.  27, 
48,  27,  a  few  miles  north  of  Ishpeming.  Prominent  ridges  show  for 
about  four  miles  when  it  again  sinks  from  view. 


COAL. 


Although  several  counties  in  the  southern  and  central  portions  of 
Michigan  are  underlaid  by  detached  basins  of  tl  e  Central  coal  field, 
there  is  but  little  being  done  in  the  way  of  coal  mining. 

The  coal  being  mined  is  of  a  semi-bituminous  character,  is  excel- 
lent for  steaming  and  fuel  purposes,  and  crude  tests  made  of  the 
recently  discovered  beds  in  the  Saginaw  valley  indicate  it  to  be  valu- 
able for  the  manufacture  of  coke. 

The  Corunna  Coal  Co.,  whose  mine  is  located  near  Corunna,  Shi- 
awassee county,  worked  part  time  during  1895,  producing  12,241  tons.' 
About  60  men  were  employed.  The  mine  can  produce  150  tons  per 
day. 

The  Sebewaing  Coal  Co.,  located  near  Sebewaiug,  Huron  county, 
was  the  only  one  working  continuously  throughout  the  year,  it  send- 
ing out  38,528  tons,  and  giving  employment  to  75  men. 

The  Saginaw  Bay  Coal  Co.,  closed  their  mines  early  in  1895  and  are 
not  expecting  to  resume.  The  mines  had  been  operated  about  four 
years  and  produced  about  10,000  tons  annually. 

The  Bennett  Sewer  Pipe  Co.,  of  Jackson,  has  closed  its  mines,  and 
the  New  Coal  Mining  Company,  of  the  same  place,  has  also  aban- 
doned its  workings. 

Michigan  reached  its  maximum  output  in  1882  when  135,889  tone 
were  produced,  but  in  no  year  since  has  the  output  exceeded  81,500 
tons. 
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The  following  is  the  total  product  of  the  State  in  tons  of  2,000 
pounds,  for  the  past  four  years: 

1892  1898  1894  1895 

Total  product 77,990       45,979       43,780       50,764 


SALT. 


Michigan  ranks  first  in  the  states  in  its  production  of  salt.  In 
1895  there  were  made  3,529,342  barrels.  For  the  year  1894  the 
United  States  produced  12,967,417,  and  the  mineral  is  one  very 
generally  distributed  throughout  the  Union. 

The  salt  producing  territory  of  Michigan  is  an  immense  one,  and 
constant  additions  to  the  former  salt-giving  area  are  made/ 

Many  of  the  salt  works  are  operated  in  connection  with  saw  mills, 
and  the  refuse  from  the  manufacture  of  timber  and  shingles  is  used 
for  fuel  in  evaporating  the  salt  brine.  Due  to  this  practice  the 
manufacturers  have  been  enabled  to  make  a  small  profit  even  at  the 
very  low  price  quoted  for  the  salt  which  in  1895  was  but  48  9-10 
cents  per  barrel,  this  including  the  cost  of  the  barrel. 

The  salt  producing  territory  of  the  §tate  is  divided  into  nine  dis- 
tricts, having  manufacturing  capacity  as  follows: 

District  No.  1,  Saginaw  county,  has  forty-two  salt  companies, 
with  forty  steam  and  three  pan  blocks  and  four  thousand  solar  salt 
covers,  having  a  manufacturing  capacity  of  one  million  three 
hundred  fifty  thousand  barrels  of  salt. 

District  No.  2,  Bay  county,  has  twenty- nine  salt  companies,  with 
thiry-two  steam  blocks,  one  vacuum  pan,  and  with  a  manufacturing 
capacity  of  one  million  three  hundred  thousand  barrels  of  salt 

District  No.  3,  Huron  county,  has  four  salt  companies,  with  one 
steam  and  three  pan  blocks  and  with  a  manufacturing  capacity  of 
three  hundred  thousand  barrels  of  salt 

District  No.  4,  St.  Clair  county,  has  ten  salt  companies,  with  six 
steam  and  four  pan  blocks  and  with  a  manufacturing  capacity  of 
six  hundred  thousand  barrels  of  salt. 

District  No.  5,  Midland  county,  has  two  salt  companies,  with  two 
steam  blocks,  liaving  a  manufacturing  capacity  of  seventy-five  thou- 
sand barrels  of  salt. 
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District  No.  6,  Iosco  county,  has  six  companies  with  six 
blocks  baring  a  manufacturing  capacity  of  three  hundred 
barrels  of  salt 

District  No.  7,  Manistee  county,  has  ten  salt  companies  with  nine 
steam  and  two  pan  blocks  having  a  manufacturing  capacity  of  one 
million  two  hundred  fifty  thousand  barrels  of  salt. 

District  No.  8,  Mason  county,  has  four  salt  companies,  with  two 
steam  and  two  pan  blocks,  having  a  manufacturing  capacity  of  five 
hundred  thousand  barrels  of  salt. 

District  No.  9,  Wayne  county,  has  one  salt  company  with  one  salt 
block,  having  a  manufacturing  capacity  of  one  hundred  fifty  thou- 
sand barrels  of  salt. 
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GRADUATE  STUDENTS. 


Name.  Residence. 

Abbott,  Ai  Arthur,  S.  B.  (Mich- 
igan Agricultural  College),  E. 
M.  (Michigan  Mining  School),  Holt. 

Croze,  Walter  Wilfred  Joseph,  S. 
B.  (Michigan  Mining  School),  Houghton. 


Room, 


Mr.  J.  Edwards  a. 


M  i\  Joh,  Oow'h, 


CLASS  OP  1895. 
Barlow,  Royce  Elwin,  Hastings, 

Been,  John  Theodore, 

Cameron,  William, 

Coleman,  Milton  Watson, 

Davis,  Carl  Raymond, 

Dockery,  Love, 

DnBois,  Wilbur  Fisk, 

Emlaw,  Harlan  Stigand, 
Esselstyn,  John  Nelson, 


Mrs,  f\  Did  for  *a. 

Skanee. 

Mr,  i    VAvmnhC*. 

St.  Louis,  Mich, 

Mr.  I\  Dialer's. 

Devizes,  Ont. 

Strtebeft  Mock, 

Helena,  Mont. 

Mr.  T+  Lnngft'A. 

Love,  Miss. 

Mr.  T.  Lange*s. 

Mobile,  Ala. 

Mr.  d  Brand"*, 
Grand  naven. 

Mrs,  flVal«  y  \. 

Lansing. 

Mr.  J*  EdwnrdaV 
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Name. 
Graves,  MacDowell, 


Residence. 

Detroit 


Hardenburgb,  Louis  Martin,  A. 

B.  (Hillsdale  College).  Hillsdale. 


Room. 
Keweenaw  Club. 

Mrs.  Burrows  8. 


Holbert,  Henry  Hoffman, 
Kent,  Bamlet, 

Martin,  Nicholas  John, 

Monroe,  William  Dearborn, 

Murray,  Robert, 
Orr,  John  Forrest, 

Rose,  Robert  Selden, 


St.  Clair. 

Mr.  J.  Edwards's. 

Forest,  Ont. 

Stroebel's  Block. 

Virginia,  Minn. 


Bath. 

Lake  Linden. 
L'Ansei 


Mr.  Grignon's 

Mr.  C.  Brand's. 

Miss  Kelly's. 


Mrs.  Burro ws's. 

Fond  du  Lac,  Wis. 

Mr.  Haas's. 


Schumann,  Enrique  Adolpho,     Santiago,  Cuba. 

Keweenaw  Club. 


Slock,  George, 
Stringham,  Joseph,  Jr., 
Upham,  William  Erastus, 
Watson,  John  Bone, 
Wearne,  William,  Jr., 
Wright,  Louis  Aldro, 


Houghton. 

Mr.  Slock's. 

Saginaw,  E.  S. 

Mrs.  Didier's. 

Duluth,  Minn. 

Mr.  T.  Lange's. 

Opechee. 

Mrs.  Brimacombe's. 

Red  Jacket. 

Mrs.  Burrows's. 

Villa  de  Musquiz, 
Coahuila,  Mex. 

Mr.  A.  Haas's. 
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Name. 
Cavazos,  Amado, 


CLASS  OF  1896. 

Residence.  Room. 

Saltillo,  Mex. 

Mrs.  BrimaeombeV. 


Figueroa,    Camilo,    A.    B.    (St, 
Mary's  College),  Saltillo,  Mex 

Greene,  Fred  Turrell,  Berlin,  Ont. 

Hoar,  Frederic  Walpole,  Houghton 

Houle,  Albert  Joseph,  Negaunee. 

McDonald,  Donald  William,  Cajumet. 

Rashleigh,  William  John, 

Russell,  Edward  Francis, 
Smith,  Willard  Joseph, 
Snow,  Arthur  Eugene, 


Miae  Kelly's. 
Mrs,  West's. 
Mr.  R.  M+  Hoar's, 
Mrs,  HealyY 
Miss  Kelly's. 


Sweet,  Roy  William, 

Trethewey,  James  Henry, 
Walker,  Elton  Willard, 
Zertuche,  Ygnacio  Maria. 


Houghton. 

Mr.  Joe.  RabhleighV 

Yonkers,  N.  Y. 

Mr.  C.  Brand  *h. 
Allouez. 

Mise  Kelly *s. 

St.  George,  Utah. 

Mr.  J.  Elder's. 

Iron  Mountain. 

Mr.  J.  B.  Pfeiffer's. 

Lake  Linden. 

Mr.^J.  TretWwey's. 
Detroit. 

Mr.  J.  Edwards's, 

Monterey,  Mex. 

Mrs.  Brimacomtje's. 


CLASS  OF  1897. 
Blackwell,  Frank,  Norway. 

Carpenter,  Alvin  Bacon,  Ph.  B. 


Mr.  H.  Hooper's, 


(Beloit  College), 
Daniell,  John,  Jr., 
17 


Beloit,  Wis. 


Opechee. 


Mr.  T.  Lunge's. 


Mrs.  Brim&cotuta's* 
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Name. 
Derr,  Homer  Monro, 
Dykema,  Frank  Leonard. 


Residence. 
Ann  Arbor. 
Grand  Rapids. 


Floeter,  Albert  Henry  Christo- 
pher, Menominee, 

Haas,  Frank  William,  Hon gh ton, 

Houghton. 


Room. 

Mr.  J.  Ehler's. 
Mrs.  Healy's. 


Haas,  Nathan, 


Mr.  J.  B.  Pfeiffer's. 
Mr.  J.  Haas's. 
Mr.  D.  Haas's. 


Hoar,  John  Mitchell, 
Klein,  William  Louis, 

Knox,  John,  Jr., 


Harris,  George  Henry  Ronald, 
C.  E.  (Royal  Military  Col- 
lege, Kingston,  Ontario),         London,  Ont. 

Mr.  Grignon's. 
Houghton. 

Mrs.  E.  M.  Hoar's. 
Detroit. 

Betzler's  Hotel. 

Hamilton,  Ont. 

Mrs.  Healy's. 
Minehan,  Michael  Matthias,  A. 

B.  (St.  Mary's  College),  Summerfield,  Kan. 

Mr.  C.  Brand's. 

Remington,  Charles  Stevens,       Syracuse,  N.  Y. 

Mr.  C.  Brand's. 
Sarazin,  William  George,  Lake  Linden. 

Butterfield  House. 
Van  Orden,  Frank  Lyon,  Houghton. 

Mr.  M.  Van  Orden's. 
Walker,  George  Washington,       Walker,  111. 

Keweenaw  Club. 


SPECIAL  STUDENTS. 
Allen,  Thomas,  Hancock 

Bates,  Arthur  Walter,  Gaylord. 

Brand,  William,  Houghton. 


Mr.  W.  H.  Allen's. 

Butterfield  House, 

Mr.  0.  Brand's. 


Special  Students. 


259 


Name. 

Brown,  William  Francis, 

Bnrnham,  Guy  Chynoweth, 
Calhoun,  Charles  Andrew. 


Residence.  Room. 

New  York,  N.  Y. 


Hancock. 


Mr.  C.  Brand's. 
Dr.  Burnham's. 


Albert  Mines, 

Nova  Scotia. 

Stroebel's  Block. 
Gibbs,  Frank  Nicholson,  C.  E. 

(Boyal  Military  College,  Kings- 
ton, Ontario),  Port  Arthur,  Ont. 

Mr.  Grignon'8. 
Goodell,  Horatio  Stewart,  Houghton. 

Mr.  R.  R.  Goodell's. 
Goudie,    James   Hunter,  A.   B. 

Ironwood. 


Hancock 
Flint. 

Crystal  Falls, 
Hancock. 
Houghton. 


Butterfield  House. 

Mr.  C.  H.  Hayen's. 

Mr.  T.  Lange's. 

Mr.  C.  Brand's. 

Mr.  G.  Hosking's. 


(Glasgow  University), 
Hayen,  Albert, 
Holmes,  Edward  Hyneman, 
Hooper>  James  Knight, 
Hosking,  Charles, 
Hunt,  Bobsrt  Courtney, 

Kennedy,  John  William, 

Martin,  John  Peter. 

May,    Albert     Edward,    A.    B, 
(University  of  Minnesota),        Minneapolis,  Minn. 

Mr.  A  Haas's.' 
McAskill,  John  Francis,  Hancock. 

Mr.  H.  McAskill's. 
McElery,  Frank  Jerome,  New  York,  N.  Y. 

Mr.  C.  Brand's. 
Merry,  Thomas  Woodward,  Low  Moor,  Va. 

Mrs.  E.  M.  Hoar's. 
Nichols,  John  Lawrence  Darvall,  Cheltenham,  England. 

J.  B.  Pfeiffer's. 


Mr.  J.  Hunt's. 
Sharpsburg,  Pa. 

Mr.  C.  Brand's. 
Houghton. 

Mr.  J.  Martin's. 
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Name.  Residence.  Room. 

Parker,  Warren  Downs,  Jr.,        Kiver  Falls,  Wis. 

Keweenaw  Club. 

Lake  Linden. 

Mr.  C.  Brand's. 
Houghton. 

Mr.  E.  R.  Penberthy's. 

Hancock. 

Mrs.  M.  Penberthy's. 

Houghton. 

Mrs.  Raymond's. 

Reynolds,  Frederick  Llewellyn,    Pasadena,  Cal. 

Mrs.  Healy's. 


Parks,  Henry  James, 
Penbertby,  John  Edward, 

Penberthy,  Samuel  Boy, 

Raymond,  John  Chester, 


Richey,  Appleton, 

Rionx,  John  Elisor, 
Sanders,  Nicholas, 
Shields,  Irving  James, 
Slock,  Anthony, 


Houghton. 

Dollar  Bay 
Hancock. 
Hancock. 
Houghton. 


Mr.  A.  R.  Ridley's. 

Mr.  A.  Rioux's. 

Mrs.  E.  J.  Sanders's. 

Mr.  Shields'*. 

Mr.  Slock's. 

Sturgis,  James  Bennett,  Jr.,       Houghton. 

Mr.  J.  B.  Sturffis's. 

Sutton,  William  John,  Victoria,  B.  C. 

Betzler's  Hotel. 

Thomas,  James  Arthur,  Houghton. 

Mr.  William  Thomas's. 

Truettner,  Irving  Willard,  Bessemer. 

Mr.  Grignon  s. 


REGISTER  OF  STUDENTS. 

1895-1896. 


Register  of  Students,  1895-1896. 


2m 


REGISTER  OF  STUDENTS,  1895-1890, 


Name.  Residence.  Room. 

Baker,  Franklin  Jr.,  S.  B.  (Lehigh  University), 

Philadelphia,  Pa. 


Bates,  Arthur  Walter, 

Gaylord. 

ButterfieM  House. 

Been,  John  Theodore, 

Skanee. 

Black  well,  Frank, 

Norway. 

Mr.  H.  Hooper's. 

Blair,  Arthur  Eddlumund, 

Marysville,  Mont. 

Mrs.  West's. 

Boyd,  Frederick  James, 

Dollar  Bay. 

Mr.  F.  J.  Boyd'B. 

Brand,  William  Jacob, 

Houghton. 

Mr.  CL  Brand's, 

Brown,  William  Francis, 

New  York,  N.  Y. 

Mr.  C.  Brandt. 

Burnham,  Ma  the  w  Howard, 

Johannesburg,  S.  Africa. 

Mr.  M.  H.  Burnhaiu's. 

Carpenter,  Alvin  Bacon, 

Beloit,  Wis. 

Mra.  Weat'ft. 

Carpenter,  Guy  David, 

Blissfield. 

Mr.  J.  Edwards's. 

Cavazos,  Amado, 

Saltillo,  Mex. 

Mrs.  Brim  a  com  he's. 

Clark,  Alonzo  Webster,  Jr., 

Detroit. 

Keweenaw  (Hub. 

Colton,  John  Dudley,  2nd, 

Longmeadow,  Masa. 

Mr.  J.  TUomtift't*. 
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Name. 
Cooke,  Harry  Arthur, 

Cornell,  Roscoe, 

Croze,  Charles  Edward, 

Cruse,  Josiah  Alfred, 

Curtis,  George  Doyle, 

Daniell,  John,  Jr., 
Daniell,  Richard  Ernest, 
DuBois,  Wilbur  Fisk, 
Duncan,  William 

Dunn,  Bird  Wallace, 
Edwards,  Robert  Leverich, 

Esselstyn,  John  Nelson, 
Farmer,  Frank, 
Fay,  Louis  Douglas, 


Residence. 
Caspar,  Wyo. 

Dillon,  Mont. 

Houghton. 

Ripley. 

Mr.  J.  Crate's. 

Butte  City,  Mont. 

Mr.  T.  Lange's. 
Houghton, 


Room. 

Mr.  T.  Lange's. 
.  Mrs  West's. 
Mr.  J.  Croze's. 


Houghton. 
Mobile,  Ala, 
Calumet.  - 


Mr.  J.  Daniell's. 

Mr.  J.  Daniell's. 

Mrs.  West's. 

Mr.  John  Duncan's. 

Houghton. 

Capt.  W.  Dunn's. 

Houghton. 

Mr.  T.  W.  Edwards's. 

Lansing. 

Georgetown,  Colo. 
Chicago,  111. 


Mrs.  Wesf  s. 


Fechheimer,  Solomon,  Chicago,  111 

Fisher,  Charles  Gotfried,  Hancock. 

Floeter,  Albert  Henry  Christo- 
pher, Menominee. 


Miss  Kelly's. 

Mrs.  E.  M.  Hoar's. 

Mrs.  Wesf  s. 
Mr.  Fisher's. 

J.B.  Pfeiffer's. 


Formis,  Andre, 


Stuttgart,  Germany. 

Keweenaw  Club. 


REGI8TER  OF  STUDENTS,    1895-1896. 

Name.  Residence.  Room, 

Gilbert,  Edwin  Gage,  N  Witmetka,  111. 

Mrs.  West's. 

Goulette,  John,  Hancock. 

Mr.  Chas.  GouleUe*s. 

Graves,  MacDowell,  Detroit. 

Keweenaw  CI  u  b. 

Greene,  Fred  Turrell,  Berlin,  Ont. 

Mrs.  West's. 

Haas,  Frank  William,  Houghton. 

Mr.  J.  Haas's. 

Haas,  George  Allen,  Honghton. 

Mr.  A.  Haas's. 

Haas,  Nathan,  Houghton. 

Mr.  D.  Haas's 

Hall,  Edward  John,  Central  Mine. 

Mrs.  Didier"8* 

Hardenburgh,  Louis  Martin,  A. 

B.  (Hillsdale  College),  Hillsdale. 

Mrs.  A.  Burro  ws'a, 

Harris,    George  Henry   Ronald, 

C.  E.  (Royal  Military  College, 

Kingston,  Ontario),  London,  Ont. 

Mrs.  West's. 
Hartmann,  William  Frederick,    Houghton. 

Mr.  G.  Hartniann's. 

Hicks,  William  Charles.  Houghton. 

Rev.  W.  C.  Ilk'ka  *. 

Hoar,  Frederick  Walpole,  Houghton. 

Mr.  R.  M.  Hoar's. 
Hoar,  John  Mitchell,  Houghton. 

Mrs.  E.  M.  How's. 
Hodgson,  Joseph,  H.  Houghton. 

Mr.  J.  Hodgson's. 
Hodgson,  William  Adams,  S.  B. 

(Michigan  Mining  School),      Houghton. 

Mr.  J.  Hodgson's. 
Hooper,  James  Knight,  Crystal  Falls. 

Mr.  C.  Brand's. 

Houle,  Albert,  Negaunee. 

Mrs.  Healy's. 


K"*,'r-t,  J*u**n  Ho,*f.'l.  :'j    '.*.'" el  1 - 

Mr.  J.  Eivwbi 

KmiI,  Ifern.ot,  F,r«**.  Or.*. 

Oriental  Hooae. 

Kri'/*,  slohn,  <fr,t  FIam.!:onf  Or,t- 

Ma  Healja. 

M'l'tir'ly,  W  illiHffi  AUjr;u»'I*r,     Ifo.'igriVjn. 

Mr-  Win.  McCurdj  s. 

M';l'"ruil<l,  flonaM  Wm,(  Calumet. 

Mb*  Kelly's. 

M' Khuy,  Frunk  Ji.rornn.  New  York,  X.  Y. 

Mr. C.  Brands. 

Mnr«'«tr,  Hurry  Tul man,  Ontonagon. 

Mrs.  Brimacombe's. 

Millard,  Jtiuum  llarvoy,  Hear  Lake. 

Stroebel's  Block. 

M Minium,    Mirhaol    MatlhiaH,    A. 

II.  (St.  Mnry'n  (UAUw),  Hummcrfield,  Kan. 

Mr.  J.  Cameron's. 

Munron,  Williuin  Dearborn;         Bath. 

Mrs.  Trim's, 

Ofjnrok,  Leopold,  Scharloy,  Prussia. 

Mr.  C.  Brand's. 

Olivor,  Thoinan,  Norway. 

Mr.  H.  Hooper's. 

Oaborno,   Nathan  Sauford,  Water  Mill,  N.  Y. 

Mrs.  A.  Harris's. 

Parkor,  Warron  Dow  tics,  Jr.,       Uivor  Falls,  Wis. 

Mrs.  Healya. 


Name. 
Peacock,  l?an, 


Register  of  Students.  1805-1896.  *ifi7 

Room. 

Mrs.  A,  Harris's, 

Keweeoaw  Club. 


Residenci 
Chicago,  III. 


Randall,  Huntley  Burnham, 
Rashleigb,  William  John, 
Reynolds,  Fred  Llewellyn, 
Richey,  Appleton, 


Detroit. 

Houghton. 

Mrs.  A,  Burro  wss. 

Pasadena,  Gal 

Mrs,  Healy'a* 

Houghton. 

Mr,  A.  R.  Richey  'a. 


Roberts,   Frederick   Charles,  S, 
B.  (Northwestern  University),  Crystal  Falls, 

Mrs.    McAllister's, 

Russell,  Edward  Francis,  Yonkers,  N.  V. 

Mr.  C.  Brand**. 

Sarazin,  William  George,  Lake  Linden. 

Oriental  House. 

Schumann,  Enrique  Adolpho,    Santiago,  Cuba. 

Keweenaw  Club. 


Shields,  James  Wilson, 

Slock,  George, 
Smith,  Willard  Joseph, 
Snell,  Henry  Vincent, 
Snow,  Arthur  Eugene, 


Hancock. 

Mr,  Jas.  \V,  Shields'*. 

Houghton. 


Allouez. 


Mr.  Slock**. 

Miss  Kelly's- 

Lake  Linden. 

Mrs,  A.  Burro wi*b. 


St.  Goorgej  VU\\i. 


Mrs.  West's. 


Spaulding,  Charles  Frank,  Rogers  Park,  III. 

Strickland,  Roland  Hugh,  C.  E. 
(Royal  Military  College,  Kings- 
ton, Ontario),  Lakefield,  Out. 


Mrs,  West's* 


Mr*.  Weef* 
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Name. 

Sntton,  William  John, 


REBIDEM'X. 


Boom. 


Victoria,  B.  C. 

StroebeTs  Block. 


Taylor,  William  Wisner,  Jr.,       Grand  Rapids. 

Mr.  C  Brand's. 

Houghton. 

Mr.  W.  H.  Thomas  *. 


Thomas,  James  Arthur, 

Trethewey,  James  Henry, 
Truettner,  Irving  Willard, 
Van  Orden,  Frank  Lyon, 
Walker,  Elton  Willard, 
Wearne,  William,  Jr., 

Works.  Kalph  Clark, 
Wrijrht,  Frederick  Bonne;:, 
Zertuche.  Ysmacio  Marta. 


Lake  Linden. 


Bessemer. 


Mr.  Treiheirej's. 


Mr.  J. 


Houghton. 


Mr.  M.  VanOrden's. 


Detroit. 


Mis.  West's. 

Ked  Jacket. 

Mrs.  A-  Buiiuwsa. 

Lima.  X.  Y. 

StroebeTs  Bfcxk. 

Oberlin.  Ohio. 

Monterey,  Mex. 

Mr.  A.  Bsbss. 


Summary. 
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SUMMARY,  1894-1895. 


Graduate  Students 2 

Classof  1895 _  .  36 

Class  of  1896 

Classof  1897 __ ifl 

Special  Students .  40 


BY  COUNTRIES  AND    STATES. 


94 


Alabama ._ 

British  Columbia ... . 

California __. 

Ontario 

Cuba _ 

England .... 

Illinois ___ 

Kansas ,„ _. 

Mexico .- 3 

«.l.     „    (  Upper  Peninsula,  46  /  fto 

Michigan,  JL^r  penin8Uia,  i6  j^ -- 

Minnesota 

Mississippi 

Montana 

New  Brunswick 

New  York _ 

Pennsylvania _ 

Texas __.. 

Utah 

Virginia ...,__. 

Wisconsin 3 


94 
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SUMMARY,  1895-1896. 


Number  of  Students  Enrolled 94 

BY    COUNTRIES    AND   STATES. 

Alabama 1 

British  Columbia../. 1 

California » 1 

Ontario 5 

Colorado.. 1 

Cuba 1 

Germany 2 

Illinois 5 

Indiana 1 

Kansas  .  1 

Massachusetts 1 

Mexico 2 

tlt;„k;~««    i  Upper  Peninsula,  46  )  -a 

Michigan,  j  l^  Penm9llla;  12  j    68 

Montana 3 

New  York 5 

Pennsylvania 

Ohio 

South  Africa 

Utah 

Wisconsin 

Wyoming 

94 


Average  Age  of  Students. 
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AVERAGE  AGE  OF  STUDENTS. 

1894-1895. 

Special  Students 21  years. 

Class  of  1897 201-2  years. 

Class  of  1896 31  years. 

Class  of  1895 23  years, 

Graduate  Students 37  years. 

Average  Age  of  all  Students 21  1-2  year®, 

1895-1896. 

Average  Age  of  Students 23  years. 
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OFFICERS  OF  THE  ATHLETIC  ASSOCIATION. 


1894-1895. 

President JEdward  Russell. 

Vice  President ..John  Dantrll. 

Secretary Frederick  Walpole  Hoab. 

Treasurer Camilo  Fioubroa. 

1895-1896. 

President John  Daniell. 

First  Vice  President .Roland  Hugh  Strickland. 

Second  Vice  President Warren  Downes  Parker,  Jr. 

Secretary Alonzo  Webster  Clark.  Jr. 

Treasurer Dan  Peacock . 

ADVISORY    COMMITTEE. 

Dr.  Georoe  Augustus  Koenig. 

Burton  Tyndall  Sbeley,  E.  M. 

George  Henry  Ronald  Harris,  C.  E. 

MICHIGAN  MINING  SCHOOL  ALUMNI  ASSOCIATION. 

President J.  Fisher. 

First  Vice  President E.  W.  Walker. 

Second  Vice  President . C.  G.  Mason. 

S^:::::::::::::::::::::::::::::::}'^"^"-"* 

Director,  One  Year J.  B.  Watson. 

Director,  Two  Years J.  G.  Kirchen. 

Director,  Three  Years W.  J.  Uren. 
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CALENDAR  1895-1896. 


Fall  Teem  commences  Friday  morning,  September  13,  1895. 

Examinations  for  admission  and  advanced  standing  commence 
Friday  morning  at  9  o'clock,  and  continue  through  Friday  and  Sat- 
urday. 

Regular  work  for  all  classes  commences  Monday,  September  Ifl, 
1895,  at  8  a.  m.,  and  all  classes  are  expected  to  be  fully  prepared  for 
work  at  that  time. 

Thanksgiving  recess,  November,  Wednesday  noon  until  Monday 
morning. 

Fall  term  ends  Friday  evening,  December  20,  1895. 


Winter  Term  commences  Monday  morning,  January  6,  18iW,  and 
ends  Friday  evening,  April  10,  1896. 


Summer  Term  commences  Monday  morning,  April  20,  1H90,  and 
ends  Friday  eveaiag,  August  14,  1896. 
Practical  Work  in  Mine  Surveying  and  Mining  begins  Monday 
morning,  April  20,  and  ends  Friday  evening.  May  29,  1890. 

Field  Work  in  Surveying  commences  Monday  morning,  June  1,  and 
ends  Wednesday  evening,  August  12,  1896. 

Shop  Practice  begins  Monday  morning,  June  1,  and  ends  Wednes- 
day evening,  August  12,  1896. 

Practical  Work  in  Ore  Dressing  and  in  Testing  Material n  uf  Engin- 
eering commence  Monday  morning,  June  l,and  end  Friday  evening, 
July  3,  1896. 

Field  Geology  begins  Monday  morning,  July  6,  and  enda  Wednes- 
day evening,  August  12,  1896. 

Commencement  Exercises,  Thursday  and  Friday,  August    t 
14,  1896. 
Thursday— Field  day,  all  classes,  9  a.  m.  and  2  P.  M. 

Reception  for  the  Graduating  Class,  by  the  Under^r/idii- 
ates,  9  p.  M. 
18 
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Friday— Annual  Meeting  of  the  Board  of  Control,  10  A. 
Graduation  Exercises.  2  p.  M. 
Meeting  of  the  Alumni  Association,  4  p.  m. 
Alumni  Dinner,  8:30  P.  M. 


CALENDAR,  1896-1897. 

Fall  Term  commences  Friday  morning,  September  18,  1896,  and 
„     ends  Thursday  noon,  December  24,  1896. 

Examinations  for  admission  and  advanced  standing  commence 
Friday  at  9  a.  m.,  and  continue  through  Friday  and  Saturday. 

Regular  work  for  all  classes  commences  Monday,  September  21. 
1896,  at  8  a.  m.,  and  all  students  are  expected  to  be  fully  prepared  to 
take  up  their  work  at  that  time. 

Thanksgiving  recess,  November,  Wednesday  noon  until  Monday 
morning. 

Winter  Term  commences  Monday  morning,  January,  11  and  ends 
Friday  noon,  April  16,  1897. 

Summer  Term  commences  Monday  morning,  April  26,  1897,  and 
ends  Friday  evening,  August  20,  1897. 
Practical  Work  in  Mine  Surveying  and  Mining  begins  Monday 
morning,  April  26,  and  ends  Friday  evening,  June  4,  1897. 

Surveying  commences  Monday  morning,  June  7,  and  ends  Thurs- 
day evening,  August  19,  1897. 

SJiop  Practice  begins  Monday  morning,  June  7,  and  ends  Thurs- 
day evening,  August  19,  1897. 

Ore  Dressing  and  Testing  Materials  of  Engineering  commence 
Monday  morning,  June  7,  and  end  Friday  evening,  July  9,  1897. 

Field  Geology  begins  Tuesday  morning,  July  12,  and  ends  Thurs- 
day evening,  August  19,  1897. 
Commencement  Exercises,  Friday,  August  20,  1897. 
Friday— Field  Day— All  classes. 

Annual  Meeting  of  the  Board  of  Control,  2:30  P.  M. 
Meeting  of  the  Alumni  Association,  5  P.  M. 
Alumni  Dinner,  5:30  p.  M. 
Graduation  Exercises,  8  p.  M. 

Reception  for  the  Graduating  Class  by  the  Undergradu- 
ates, 10  p.  M. 
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CALENDAR,  1897-1898. 

Fall  Term  commences  Friday  morning,  September  17,  1897,  ends 
Friday  noon,  December  24,  1897. 

Examinations  for  admission  and  advanced  standing  commence 
Friday  at  9  a.  m.,  and  continue  through  Friday  and  Saturday. 

Regular  work  for  all  classes  commences  Monday,  September  20, 
1897,  at  8  a.  M.    Full  work  is  to  be  taken  up  at  this  time. 

Thanksgiving  recess,  November,  Wednesday  noon  until  Monday 
morning. 


Winter  Term  commences  Monday  morning,  January  10,  and  ends 
Friday  noon,  April  15,  1898. 


Summer  Term  commences  Monday  morning,  April  25,  1898,  and 
ends  Friday  evening,  August  19,  1898. 
Practical  Work  in  Mine  Surveying  and  Mining  commences  Mon- 
day morning,  April  25,  and  ends  Friday  evening,  June  8,  1898. 

Field  Work  in  Surveying  commences  Monday  morning,  June  6, 
and  ends  Thursday  evening,  August  18,  1898. 

Shop  Practice  begins  Monday  morning,  June  6,  and  ends  Thurs- 
day evening,  August  18,  1898. 

Ore  Dressing  and  Testing  Materials  of  Engineering  commence 
Monday  morning,  June  6,  and  end  Friday  evening,  July  8, 1898. 

Field  Geology  begins  Monday  morning,  July  11,  and  ends  Thurs- 
day evening,  August  18,  1895. 
Commencement  Exercises,  Friday,  August  19,  1898. 
Friday —Field  day,  all  classes. 

Annual  Meeting  of  the  Board  of  Control,  2:30  p.  m. 
Meeting  of  the  Alumni  Association,  5  P.  M. 
Alumni  Dinner,  5:30  P.  M. 
Graduation  Exercises,  8  p.  M. 

Reception  for  the  Graduating  Class  by  the  Under- 
graduates, 10  p.  M. 


CALENDAR  1898-1899. 

Fall  Term  commences  Friday  morning,  September  16,  1898,  ends 
Friday  noon,  December  23,  1898. 
Examinations  for  admission  and  advanced  standing  commence 
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Friday  morning  at  9  o'clock,  and  continue  through  Friday  and  Satur- 
day. 

Regular  work  for  all  classes  commences  Monday,  September  19, 
1898  at  8  a.  m.    Full  work  is  to  be  taken  up  at  this  time. 

Thanksgiving  recess,  November,  Wednesday  noon  until  Monday 
morning 


Winter  Term  commences  Monday  morning,  January  9,  and  ends 
Friday  noon,  April  14,  1899. 


Summer  Term  commences  Monday  morning,  April  24,  1899,  and 
ends  Friday  evening.  August  18,  1899. 

Practical  Work  in  Mine  Surveying  and  Mining  begins  Monday 
morning,  April  24,  and  ends  Friday  evening,  June  2,  1899. 

Surveying  commences  Monday  morning,  June  5,  and  ends  Thurs- 
day evening,  August  17,  1899. 

Shop  Practice  begins  Monday  morning,  June  5,  and  ends  Thurs- 
day evening,  August  17,  1899. 

Ore  Dressing  and  Testing  Materials  of  Engineering  commence 
Monday  morning,  June  5,  and  end  Friday  evening,  July  7,  1899. 

Field  Geology  begins  Monday  morning,  July  10,  and  ends  Thurs- 
day evening,  August  17,  1899. 

Commencement  Exercises,  Friday  August  18,  1899. 
Thursday— Field  day,  all  classes,  9  a.  m.  and  2  p.  m. 
Friday— Annual  Meeting  of  the  Board  of  Control,  2:30  p.  m. 
Meeting  of  the  Alumni  Association,  5  P.  M. 
Alumni  Dinner,  5:30  P.  M. 
Graduation  Exercises,  2:30  p.  M. 

Reception  for  the  Graduating  Class,  by  the  Undergradu- 
ates, 10  P.  M. 
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Admission,    Requirements    for, 

85-62. 
Admission  by  Certificate,  49,  50. 
Admission,  by  Diploma,  85-49. 
Admission,  by  Examination,  50. 
Algebra,  39,  47,  68,  78. 
Algebra,    Elementary, '  78,    155, 

178.  174. 
Alumni  Association,  273. 
Analytic  Geometry.  63,  78. 
Analytic  Mechanics,  64,  85. 
Antoine  Ore  Co.,  248. 
Aragon  Mine,  242. 
Arithmetic.  89,  178. 
Asbestus.  248. 
Ashland  Mine,  244. 
Assaying,  65, 91. 
Astronomy,  40,  45,  78,  156, 176. 
Athletic  Association,  272. 
Atlantic  Mine,  287-289. 
Attendance,  8. 
Aurora  Mine,  244. 
Bachelor  of  Science,  157,  158. 
Biology,  71,  117,  118, 162. 
Blowpipe  Analyses,  64,  88. 
Board  of  Control,  12. 
Book-keeping,  40,  45,  46,  78, 156, 

175,  176., 
Botany,  40,  46,  71,  117,  162. 
Brotherton  Mine,  244. 
Buffalo  Mines,  240. 
Building  Stone,  246-250. 
Buildings,  194-200. 
Business  Law,  40,  45,  46. 
Calculus,  68,  79. 
Calendars,  278-280. 
Calumet  and  Hecla  Mine,  224- 

281. 
Cambria  Mine,  240. 
Catalogue,  Character  of,  2. 
Central  Mine,  289. 
Champion  Mining  Co.,  242. 
Chapin  Mine,  242,  248. 
Chemistry,  64,  65,  85-90, 160, 166, 

167. 


Chemistry,  General  Experiment- 
al, 64,  86-88. 

ChrysotUe,  248. 

Civil  Engineering,  69,  110-118, 
162,  171,  172. 

Civil  (Government,  40,  41,  46. 

Clay.  248. 

Cleveland  Cliffs  Iron  Mining 
Co.'s,  240,  241. 

Coal,  250,  251. 

Collections,  187,  188. 

Columbia  Mine,  248. 

Commercial  Crises,  206-208. 

Commonwealth  Mine,  248. 

Composition,  41,  46. 

Copper  District,  224-289. 

Copper  Mining,  221. 

Copper  Produced,  228. 

Courses  of  Instruction,  55-59. 

Courses  of  Instruction,  Outline 
of,  68-78. 

Crystallography,  71,  118,  168. 

Degrees,  157,  158. 

Departments  of  Instruction,  77- 
156, 

Deposits,  201,  202. 

Differential  Equations,  68,  79. 

Director,  1,  58,  59. 

Doctor  of  Philosophy,  157,  158. 

Drawing,  66,  94-99,  160,  161. 

Drawing  Instruments,  95-97. 

Dunn  Mine,  248. 

Electrical  Engineering,  68,  69, 
107-110,  161.  162,  170,  171. 

Electrical  Engineering  Labora- 
tory, 68,  69,  109,  110. 

Electrical  Measurements,  64,  84 
85. 

Electricity  and  Magnetism,  68, 
109. 

Electives,  Choice  of,  57. 

Elective  Schedules,  Advisory, 
165-172. 

Elective  System,  55-59. 

Employment,  20&-211. 
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Engineering  Design  and  Con- 
struction, 66,  98 

Engineering  Hall,  195,  196. 

English  Composition,  176. 

Essential  Studies,  55,  56. 

Examination  Questions,  En- 
trance, 173-176. 

Excelsior  Redstone  Company, 
246. 

Expenses,  201-208. 

Expenses  of  the  Mining  School, 
9. 

Faculty,  17. 

Franklin  Junior  Mine.  284. 

Franklin  Mine,  234,  235. 

French,  41,  46,  47. 

Geological  Field  Work,  72,  151, 

152. 
Geology,  71,  72,  131-154, 168,  166, 

167. 
Geology,  Economic,  72,  172-154. 
Geology,    Elements   of,    71,   72, 

131-149. 
Geology,  Physical  and  Chemical, 

72,  150,  151. 
Geology,  Stratigraphical,  72, 150. 
General  History,  42. 
Geometry,  41,  47,  73,   155,  174, 

175. 
German,  42,  46,  47. 
Gold  Mining,  221. 
Gogebic  Range.  244. 
Government,  204,  205. 
Graduates,  8,  21-31. 
Graduates,  Occupation  of,  21-31. 
Granite,  248. 
Graphical  Statics,  66,  97. 
Grindstones,  247. 
Gypsum,  249. 
Hemlock  Mine,  248. 
High  School,   Courses  of  Study, 

36-87,  50. 
History  of  the  United  States,  42. 
Houghton,  214-216. 
Hydraulics,  69,  113. 
Inventory,  10,  11. 
Iron  Ore,  Production  of,  218-220. 
Iron  Ranges,  240-245. 
Jackson  Mine,  240. 
Kearsarge  Mine.  234. 
Kerber-Jacobs  Redstone  Co. ,  246. 
Keweenaw  District,  239. 
Lake  Superior  Iron  Co.,  240 
L'Anse  Brown  Stone  Co.,  247. 


Library,  177-186. 

Lillie  Mine,  240. 

Limestone,  248. 

Literature,  42,  43,  46. 

Lithology,  71,  129,  180. 

Location,  212-216. 

Location  of  Graduates,  31. 

Logic,  43,  47. 

Longyear  Fund,  192.  198. 

Longyear  Prizes,  189, 190. 

Machine  Design,  66,  98. 

Marble,  249.  250. 

Marquette  Range,  240-242. 

Mathematics,  47.  68,  77-79,  159. 

Mechanical  Engineering,  66-68, 

99-107,  161.  168-170. 
Mechanical  Laboratory,  68,  106, 

107. 
Mechanics,  64,  85,  160. 
Mechanics  of  Materials,  67,  104. 
Mechanism,  67,  103,  104 
Menominee  Range,  242,  243. 
Metallurgical  Designing,  65,  93, 

94. 
Mechanical  Drawing,  66,  94-96. 
Metallurgical    Experimentation, 

65,93. 
Metallurgy,  65,  91-94,   160.  167, 

168. 
Michigan,    Mineral   Production, 

218. 
Mine  Accounts,  70,  115,  116. 
Mines,  Dividends  Paid,  222. 
Mine  Management,  70,  115,  116. 
Mine  Surveying  and  Mining,  69, 

70.  114,  115.       .     . 
Mine  Ventilation,  70, 116. 
Mineral  Industries,  217-223. 
Mineral  Production,  217,  218. 
Mineralogy,  71,  118-121,  168. 
Mining  Engineer,  157,  158. 
Mining  Engineering,  69,  70,  113- 

116,  162,  171,  172. 
Mining,  Principles    of,  69,   113, 

114. 
Mining   School.    Purposes   and 

History,  3-9. 
Negaunee  Mine,  240. 
Newport  Mine,  244. 
Nome  Mining  Co. ,  244. 
Norrie  Scholarship,  191,  192. 
Novaculite.  248. 
Officers,  13-16. 
Ontonagon  District,  239. 
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Ore  Docks,  246. 
Ore  Dressing,  70,  116,  162. 
Organization,  204,  205. 
Osceola  Mine,  288. 
Pabst  Mine,  244. 

Palaeontology,  71,  117,  118,  162. 
Palms  Mines.  244. 
Periodicals,  178-185. 
Petrography,  71.  121-181,  168. 
Petrology,  71,  180.  181. 
Pewabic  Mine,  248 
Physical  Apparatus,  80-88. 
Physical  Geography.  43,  47. 
Physical  Measurements,  64,  88, 

84. 
Physics,  43,  48,  63,  64.  79-85,  159. 
Physics,  Elementary,  78, 155, 156, 

175. 
Physiology,  44,  48. 
Pittsburg   and    Lake    Angeline 

Iron  Co.,  240. 
Political  Economy,  44,  48. 
Portage  Entry  Company,  246. 
Portage  Lake  District.  224-289. 
Preparatory  Studies,  51.  52. 
Preparatory  Subject,  73, 155  ,156, 

164. 
Prizes  and  Scholarships,  189-193. 
Properties  of  Materials,  66,  100. 
Public,  to  the,  1. 
Qualitative  Analysis,  64,  88,  89. 
Quantitative  Analysis,  64,  65,  88, 

89. 
Quartzite.  248. 
Quincy  Mine,  235-237. 
Regulations  of  the  Library,  185, 

186. 
Republic  Mining  Co..  241,  242. 
Required  Studies,  157. 
Rhetoric,  44,  46. 
Ropes  Gold  Mine,  242. 


Routes,  212-214. s 

Salt,  251,  252. 

Sandstone,  246,  247. 

Science  Hall,  194,  195,  197-200. 

Serpentine,  248,  250. 

Shop  Practice,  67,  100-103. 

Silver  Mining,  221. 

Slate,  248. 

Students,  Average  Age  of,  271. 

Students,  Register  of,  253-268. 

Students,  Residence  of,  8,  9. 

Students,  Special.  51. 

Students,  Summary  of,  269,  270. 

Studies,  Sequence  of,  55,  56. 

Surveying,  69,  110-118. 

Synthetic  Chemistry,  65,  90. 

Talc,  249. 

Tamarack  Junior  Mine,  283. 

Tamarack  Mine,  231-233 

Tecumseh  Mine,  284. 

Testing  Materials  of  Engineer- 
ing, 67,  105.  106. 

Text  Books,  159-164. 

Topographical  Drawing,  66,  96, 
97. 

Thermodynamics,  68,  108. 

Thesis,  72,  73,  154,  155. 

Tilden  Mine,  244. 

Traverse  Bay  Redstone  Co.,  247. 

Treasurer,  1. 

Trigonometry,  Plane,  45,  63,  78. 

Trigonometry,  Spherical,  63,  78. 

Tuition,  201,  202. 

Valve  Gears,  67.  106. 

Vulcan  Mine,  242. 

Waverly  Stone,  247. 

Winthrop  Mine,  241. 

Wolverine  Mine,  233,  234. 

Wright  Scholarship,  190,  191. 

Zoology,  45.  49,  71.  117,  118,  162 
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